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(54) Gallium nitride based compound semiconductor laser and method of forming the same 



(57) A method of forming a current block layer struc- 
ture comprising the steps of providing dielectric stripe 
masks defining at (east a stripe-shaped opening on a 
surface of a compound semiconductor region having a 
hexagonal crystal structure, and selectively growing at 
least a current block layer of a compound semiconduc- 
tor having the hexagonal crystal structure on the surface 
of the compound semiconductor region by use of the 
dielectric stripe masks. 
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Description 

The present invention relates to a semiconductor 
laser diode and a method of forming the same, and more 
particularly to a gallium nitride based compound semi- s 
conductor laser having a current block layer structure 
selectively grown for a current confinement and a meth- 
od of forming the same. 

Gallium nitride is larger in energy ban gap than 
those of indium phosphate and gallium arsenide, for >0 
which reason gallium nitride based semiconductors of 
In^Ga, (03x21, 03y< 1 , 0sx+y2 1 ) may be ap- 
plied to light emitting diodes such as semiconductor la- 
ser diodes for emitting a light of an wavelength in the 
range of green light wavelength to ultraviolet ray wave* 
length. 

Gallium nitride based semiconductor may have ei- 
ther hexagonal crystal structure or cubic crystal struc- 
ture. The hexagonal crystal structure is more stable in 
energy than the cubic crystal structure. #> 

One of conventional gallium nitride based semicon- 
ductor laser diodes is disclosed by S. Nakamura et al. 
in Extended Abstracts of 1 996 Internationat Conference 
On Solid State Devices And Materials, Ybkoharna, 
1996, pp. 67-69. 25 

The cortvenlional gallium nitride based semicon- 
ductor laser diode will be described with reference to 
FIG. 1. A 30OA-thick undoped GaN buffer layer 102 is 
formed on a (1 1 -20}-face sapphire substrate 201 . A 3 u 
m-thick n-type GaN contact layer 103 doped with Si is & 
formed on the 300A-thick undoped GaN buffer layer 
102. A 0.1 p m-thick n-type ^ja^oss^ layer 104 
doped with Si is formed on the 3 p m-thick n-type GaN 
contact layer 103. A 0.4 p m-thick n-type Moar^o^ 
cladding layer 105 doped with Si is formed on the 01 u 35 
m-thick n-type lho.05Gao.g5N layer 104. A 0.1 p m-thick 
n-type GaN optical guide layer 106 doped with Si is 
formed on the 0.4 p m-thick n-type gjN dad* 

ding layer 105. A multiple quantum well active layer 107 
is formed on the 0. 1 p m-thick n-type GaN optical guide <o 
layer 106. The multiple quantum well active layer 107 
comprises 7 periods of 25A-thick undoped Ino^Ga^N 
quantum well layers and 50A-thick undoped 
ln 005 Ga 0a 95N barrier layers. A 200A-thick p-type 
Ato^Gao B N layer 108 doped with Mg is formed on the 
multiple quantum well active layer 107. A 0. 1 u m-thick 
p-type GaN optical guide layer 109 doped with Mg is 
formed on the 200A-thick p-type A( 0 _ 2 Ga O3 N layer 108. 
A 0,4 p m-thick p-type A^Gao.^ cladding layer 1 10 
doped with Mg is formed on the 0.1 p m-thick p-type so 
GaN optical guide layer 109. A 0.2 p m-thick p-type GaN 
contact layer 111 doped with Mg is formed on the 0.4 p 
m-thick p-type A^^jGao^N cladding layer 110. A p- 
electrode 1 12 is formed on the 0.2 p m-thick p-type GaN 
contaxtlayerlli.Thep-electrodeli2corT9risesanick- & 
el layer laminated on the top flat surface of the 0.2 u m- 
thick p-type GaN contact layer 11 1 and a gold layer lam- 
inated on the nickel layer. An n -electrode 1 1 3 is provided 



on -ha recessed surface of the 3 p m-thick n-type GaN 
contact layer 103. The n-electrode 113 comprises a ti- 
tanium layer laminated on the 3 u m-thick n-type GaN 
contact layer 1 03 and an aluminum layer laminated on 
the titanium layer. 

AD of the semiconductor layers have hexagonal 
crystal structure with the (000 1) -/ace grown over the 
(.11-20)-face sapphire substrate 201. 

The above conventional gallium nitride based sem- 
iconductor laser diode has no current confinement 
structure, for which reason the above conventional gal- 
lium nitride based semiconductor laser diode has a rel- 
atively large threshold current. 

Other conventional galfium nitride based semicon- 
ductor laser diode is disclosed by S. Nakamura et al in 
Applied Physics tetters, vol. 69 (1996), p. 1477. The 
other conventional gallium nitride based semiconductor 
laser diode will be described with reference lo FIG. 2. A 
300A-thtck undoped GaN buffer layer 102 is formed on 
a (H-20)-face sapphire substrate 201. A 3 p m-thick n- 
type GaN contact layer 103 doped with SI is formed on 
the 300A-thtck undoped GaN buffer layer 102. A 0.1 p 
m-thick n-type Ify osGao^N layer 104 doped with Si is 
formed on the 3 p m-thick n-type GaN contact layer 103. 
A 0.5 p m-lhick n-type A^osGao^N cladding tayer 605 
doped with Si is formed on the 0.1 p m-thick n-type 
lno.osGao.g5N layer 104. A 0.1 p m-thick n-type GaN op- 
tical guide layer 106 doped with Si is formed on the 0.5 
p m-thick n-type A^Gao cladding layer 605. A 
multiple quantum well active layer 707 is formed on the 
0.1 p m-thick n-type GaN optical guide layer 106. The 
multiple quantum well active layer 707 comprises 7 pe- 
riods of 30A-thick undoped In^Gao Q N quantum well 
layers and 60Athick undoped ln 0 .o$ Ga o.9S N barrier lay- 
ers. A 200A-thick p-type Ai^Ga^N layer 108 doped 
with Mg is formed on the multiple quantum well active 
layer 707. AO.lp m-thick p-type GaN optica) guide layer 
109 doped with Mg is formed on the 200A-thick p-type 
AI 02 Ga oa N layer 108. A 0.5 p m-thick p-type 
AtoisGao^N cladding layer 710 doped with Mg is 
formed on the 0.1 p m-thick p-type GaN optical guide 
layer 109. A 0.2 p m-thick p-type GaN contact layer 111 
doped with Mg is formed on the 0,4 p m-thick p-type 
AlojQsGao^N cladding layer 710. The 0.2 p m-thick p- 
type GaN contact layer 11 1 has a ridge-shape. A p-elec- 
trode 112 is formed on the top portion of the 0.2 p m- 
thick p-typs GaN contact tayer 111. The p-electrode 112 
comprises a nickel layer laminated on the top flat sur- 
face of the 0.2 p m-thick p-type GaN contact tayer ill 
and a gold layer laminated on the nickel layer. A silicon 
oxide film is formed which extends on the sloped side 
walls of the ridge portion of the 0.2 p m-thick p-type GaN 
contact tayer 111 and also on the Hat base portions of 
the 0.2 p m-thick p-type GaN contact layer 111 as well 
as on side wans of the above laminations of the the 3p 
m-thick n-type GaN contact layer 103, the 0. 1 p m-thick 
n-type (r^Gao .95N tayer 104, the 0.5 p m-thick n-type 
AloosGao^N dadoing layer 605, the 0.1 p m-thick r> 
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type GaN optical guide layer 106. the multiple quantum 
weD active tayer 707. the 200A-thick p-type A^fi^N 
tayer 108, the 0.1 p rn-thick p-type GaN optical guide 
layer 109, the 0.4 u m-thick p-type A^^Gag^f clad- 
ding layer 7 10 and the 0.2 u m-thick p-type GaN contact $ 
tayer in. An n-electrode 113 is provided on the re- 
cessed surface of the 3 u, m-thick n-type GaN contact 
layer 1 03. The n-electrode 1 1 3 comprises a titanium lay- 
er laminated on the 3 p m-thick n-type GaN contact layer 
103 and an aluminum layer laminated on the titanium '0 
layer. 

AH of the semiconductor layers have hexagonal 
crystal structure with the (OOOlHace grown over the 
(11 -20) -face sapphire substrate 201 . 

The above ridge structure of the 0.2 p m-thick p- is 
type GaN contact layer 1 1 1 might contribute any current 
confinement for reduction in threshold current. Since, 
however, a contact area between the p-etectrode and 
the 0.2 u m-thick p-type GaN contact layer 1 1 1 is small 
a contact resistance of the p-electrode to the 0.2 p m- 20 
thick p-type GaN contact layer 111 is relatively large. 

Whereas the above ridge structure of the 0.2 u m- 
thick p-type GaN contact layer 11 1 is defined by a dry 
etching process, the dry etching process may provide 
a damage to the semiconductor layers. 25 

The use of this dry etching process results in com- 
plicated fabrication processes for the laser diode. 

In the above circumstances, it had been required to 
develop a novel gaiOum nitride based compound semi- 
conductor laser and a method of forming the same. & 

Accordingly, it is an object of the present invention 
to provide a novel gallium nitride based compound sem- 
iconductor laser free from the above problems. 

It is a further object of the present invention to pro- 
vide a novel gallium nitride based compound semicon- & 
ductor laser having a current block layer structure (or a 
current confinement. 

It is a still further object of the present invention to 
provide a novel gallium nitride based compound semi- 
conductor laser having a (educed threshold current. <o 

it is yet a further object of the present invention to 
provide a novel gallium nitride based compound semi- 
conductor laser having a reduced resistance to current. 

It is a further more object of the present invention 
to provide a novel method of forming a novel gallium <s 
nitride based compound semiconductor laser having a 
current block layer structure for a current confinement. 

It is still more abject of the present invention to pro- 
vide a novel method of forming a novel gallium nitride 
based compound semiconductor laser having a re- so 
duced threshold current. 

It is yet more object of the present invention to pro- 
vide a novel method of forming a novel gallium nitride 
based compound semiconductor laser having a re- 
duced res stance to current ss 

It is moreover object of the present invention to pro- 
vide a novel method of forming a current block layer 
structure in a novel gallium nitride based compound 



semiconductor laser without use of dry etching process. 

It is still more object of the present invention to pro- 
vide a novel methoo of forming a current block layer 
structure in a novel gallium nitride based compound 
semiconductor laser at highly accurate size or dimen- 
sions. 

The above and other objects, feature and advan- 
tage of the present invention will be apparent from the 
following descriptions. 

The primary present invention provides a current 
block layer structure in a semiconductor device. The 
structure comprises at least a current block layer of a 
first compound semiconductor having a hexagonal crys- 
tal structure. The current block layer are selectively 
grown on at least a surface of a compound semiconduc- 
tor region of a second compound semiconductor having 
the hexagonal crystal structure by use of dielectric stripe 
masks defining at least a stripe-shaped opening. 

The other present invention provides a method of 
forming a current block layer structure comprising the 
steps of providing dielectric stripe masks defining at 
(east a stripe-shaped opening on a surface of a com- 
pound semiconductor region having a hexagonal crystal 
structure, and selectively growing at least a current 
block layer of a compound semiconductor having the 
hexagonal crystal structure on the surface of the com- 
pound semiconductor region by use of the dielectric 
stripe masks. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
tayer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the cfieleclric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
tayer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block tayer se- 
lectively grown Is capable of causing a current confine- 



5 



EP0851 542 A2 



6 



ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced i 
the above current dock structure is applied to a semi- 
conductor laser 

Preferred embodiments of the present invention wil 
be described in detail with reference to the accompany- 
ing drawings. 

RG. 1 is a fragmentary cross sectional elevation 
view illustrative of a conventional gallium nitride based 
compound semiconductor bser. 

FIG. 2 is a fragmentary cross sectional elevation 
view illustrative of other conventional gallium nitride 
based compound semiconductor laser. 

FIG. 3 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a first embodiment 
according to the present invention. 

RG. 4 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabrication method thereof. 

RG. 5 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a second embod- 
iment according to the present invention. 

RG. 6 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabrication method thereof. 

FIG. 7 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a third embodi- 
ment according to the present invention. 

FIG. 8 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based corn* 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabrication method thereof. 

FIG. 9 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a fourth embodi- 
ment according to (he present invention. 

RG. 10 is a fragmentary cross sectional elevation 
view illustrative of a novel gaifium nitride based com- 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
od involved in a fabrication method thereof. 

FIG. 11 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- • 
pound semiconductor laser having a current block layer 
structure f or a cu rrem confinement in a fifth embodiment 
according to the present invention. 



FIG. 12 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser in a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
$ od involved in a fabrication method thereof. 

FIG. 13 is a fragmentary cross sectional elevation 
view illustrative of a novel gaflium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a sixth embodi- 
io ment according to the present invention. 

RG. 14 is a fragmentary cross sectional elevation 
view illustrative of a novel gallium nitride based com- 
pound semiconductor laser m a selective growth proc- 
ess by a metal organic chemical vapor deposition meth- 
'5 od involved in a fabrication method thereof. 

The first present invention provides a current block 
layer structure in a semiconductor device. The structure 
comprises at least a current block layer of a first com- 
pound semiconductor having a hexagonal crystal struc- 
£0 ture. The current block layer are selectively grown on at 
least a surface of a compound semiconductor region of 
a second compound semiconductor having the hexag- 
onal crystal structure by use of dielectric stripe masks 
defining at least a stripe-shaped opening. 
25 since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
30 opening, lor example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric strips masks results in the highly flat side 
walls of the current block layer as compared to when a 
35 dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
40 ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has tha 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
<5 is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
w compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine* 
& ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced il 
the above current clock structure is applied to a semi- 
conductor laser. 



7 



EP0 851 542 A2 



6 



The above hexagonal crystal structure may have a 
(0001 Hace or a face tilted from the (0001) -face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric strjpe masks 
have a longitudinal direction parallel to the [1 Indirec- 
tion or direction having an included angle to a (11-20) 
direction in the range ol -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (0001)-face or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the deleclric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [MOO] di- 
rection or direction having an included angle to a [ 1 -100] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the second compound semiconductor. In this case, the 
compound semiconductors of the current block layer 
and the compound semiconductor base region may be 
gallium nitride based semiconductors, for example. 
GaN, AIGaN, InGaN and InAtGaN, boron nitride based 
semiconductors. 

Alternatively, the compound semiconductor of (he 
current block layer has a highly resistive compound 
semiconductor such as an undoped serrticcnductor. In 
this cause, the compound semiconductors of the current 
block layer and the compound semiconductor base re- 
gion may also be gallium nitride based semiconductors, 
for example, GaN. AIGaN. InGaN and InAlGaN, boron 
nitride based semiconductors. 

The compound semiconductor region may com- 
prise a compound semiconductor base layer having a 
flat top surface. In this case, the current block layer is 
selectively grown on the flat top surface of the com- 
pound semiconductor base tayer by use of the dielectric 
stripe masks provided on the flat top surface of the com- 
pound semiconductor base layer. 

An additional compound semiconductor layer of the 
same conductivity type as the compound semiconduc- 
tor base layer may be formed which extends on both 
side walls and a top surface of the current block layer 
and also extends over the compound semiconductor 
base layer under the stripe-shaped opening. 

Alternatively, laminations of a plurality of additional 
compound semiconductor layers of the same conduc- 
tivity type as the compound semiconductor base layer 
may be formed which extend on both side walls and a 
top surface of the current block layer and also extend 
over the compound semiconductor base layer under the 
stripe-shaped opening. 

A side wan of fie current block layer may be a ver- 
tical side wall or a sloped side wall. 

The compound semiconductor base region may In- 
clude at least a Flat base portion and at least a ridged 
portion, and wherein the current block layer is selective- 
ly grown both on the flat base portion and on side walls 



of the ridged portion by use of the dielectric stripe masks 
provided on a top portion of the ridged portion. The cur- 
rent block layer may comprise a single layer having a 
top surface which is substantially the same level as the 

5 top portion ol the ridged portion or may comprise lami- 
nations of a plurality of different layers and the lamina- 
tions have a top surface which is substantially the same 
level as the top portion ol the ridged portion, in the latter 
case, the laminations may comprise a first layer having 

io an opposite conductivity type to the compound sem con- 
ductor region, a second layer being laminated on the 
first layer and having the same conductivity type as the 
compound semiconductor region, and a third layer be- 
ing laminated on the second layer and having the oppo- 

is site conductivity type to the compound semiconductor 
region. The ridged portion may include laminations ol a 
plurafity of different compound semiconductor layers. 
The ridged portion and the flat base portion comprise a 
single compound semiconductor layer having a ridged 

20 portion and etched portions. 

The second present invention provides a gaBium ni- 
tride based compound semiconductor laser having a 
current block layer structure. The current block layer 
structure comprises current block layers and at least an 

25 additional compound semiconductor layer. The current 
block layers of a first compound semiconductor having 
a hexagonal crystal structure are selectively grown on 
a flat top surface ol a compound semiconductor base 
layer of a second compound semiconductor having the 

30 hexagonal crystal structure by use of dielectric stripe 
masks defin ing at least a stripe-shaped opening and be- 
ing provided on the flat top surface of the compound 
semiconductor base layer. The additional compound 
semiconductor layer of the same conductivity type as 

35 the compound semiconductor base layer extends on 
both side wails and top surfaces ol the current block lay- 
ers and also extends over Ihe compound semiconductor 
base layer under the stripe-shaped opening. 

Since the current block layer of a compound semi- 

40 conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use ol the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 

*$ deposition method, then side watls of the current block 
layer have a good Harness. The selective growth using 
(he dielectric stripe masks results in the highly flat side 
walls ot the cunent block tayer as compared to when a 
dry etching process is used. The selective growth using 

so the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 

55 pound semiconductor ol the current block tayer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block tayer 
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is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on (he hexagonal crystal structure s 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of caussig a current confine- w 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced if 
the above current dock structure is applied to a semi- 
conductor taset 

The above hexagonal crystal structure may have a 15 
(0001) -face or a (ace tilted from the (0001) -face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that (he 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the ( 1 1 -20] direc- so 
tion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOi)-face or a face tilted from a (0001)- 
face by an angle m the range of 0 degree to 1 0 degrees. *s 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1 -100] di- 
rection or direction having an included angle to a [1 - 1 00] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the second compound semiconductor. In this case, the 
compound semiconductors of the current block layer 
and the compound semiconductor base region may be 3S 
gallium nitride based semiconductors, for example, 
GaN, AlGaN, InGaN and InAlGaN, boron nitride based 
semiconductors, 

Alternatively, the compound semiconductor of the 
current block layer has a highly resistive compound <o 
semiconductor such as an urtdoped semiconductor. In 
this cause, the compound semiconductors of the current 
block layer and the compound semiconductor base re- 
gion may also be gallium nitride based semiconductors, 
for example, GaN. AlGaN. InGaN and InAlGaN, boron « 
nitride based semiconductors. 

The compound semiconductor region may com- 
prise a compound semiconductor base layer having a 
ftat top surface. In this case, the current block layer is 
selectively grown on the flat top surface of the com- so 
pound semiconductor base layer by use of the dielectric 
stripe masks provided on the flat top surface of the com- 
pound semiconductor base layer. 

A side wad of the current block layer may be a ver- 
tical side wall or a sloped side wall. 55 

The third present invention provides gallium nitride 
based compound semiconductor laser having a current 
block layer structure which comprises current btock lay- 



ers of a first compound semiconductor having a hexag- 
onal crystal structure, the current block layers being se- 
lectively grown on both a flat base portion and side walls 
of a ridged portion of a compound semiconductor region 
of a second compound semiconductor having the hex- 
agonal crystal structure by use of dielectric stripe masks 
defining at least a stripe-shaped opening and being pro- 
vided on a top portion of the ridged portion. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric strips masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current btock 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bflity as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple (nan the dry etching proc- 
ess. It is essential for the present invention that. the com- 
pound semiconductor of (he current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current btock layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important lor the present invention that the current btock 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stipe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced tf 
the above current clock structure is applied to a semi- 
conductor laser. 

The above hexagonal crystal structure may have a 
(OOOt)-face or a face tilted from the (OOOl)-face by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the (11 -20] direc- 
tion or direction having an included angle to a (11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOiHace or a face tilted from a [0001 )- 
face by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the dielectric stipe masks are set so that 
the stripe-shaped opening of the dielectric stipe masks 
have a longitudinal direction parallel to the (1-100] di- 
rection or direction having an included angle to a [ 1 -1 00] 
direction in the range of -5 degrees to +5 degrees. 
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The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the second compound semiconductor, tn this case, the 
compound semiconductors of the current block layer 
and the compound semiconductor base region may be 
g^Bium nitride based semiconductors, for example, 
GaN, AIGaN, InGaN and InAIGaN, boron nitride based 
semiconductors. 

Alternatively, the compound serniconductor of the 
current block layer has a highly resistive compound 
semiconductor such as an un doped semiconductor, in 
this cause, the compound semiconductors of the current 
block layer and the compound semiconductor base re- 
gion may also be gallium nitride based semiconductors, 
for example, GaN, AIGaN, InGaN and InAIGaN, boron 
nitride based semiconductors. 

Each of the current block layers may comprise a sin- 
gle layer having a top surface which is substantially the 
same level as the top portion of the ridged portion. 

Alternatively, each of the cunent block layers may 
comprise laminations of a plurality of tiitterent layers and 
the laminations have a top surface which is substantially 
the same level as the top portion of the ridged portion, 
tn this case, the laminations may comprise a first layer 
having an opposite conductivity type to the compound 
semiconductor region, a second layer being laminated 
on the first layer and having the same conductivity type 
as the compound semiconductor region, and a third lay- 
er being laminated on the second layer and having the 
opposite conductivity type to the compound semicon- 
ductor region. 

The ridged portion may include laminations ol a plu- 
rality of different compound semiconductor layers. 

The ridged ponton and the flat base portion may 
comprise a single compound semiconductor layer hav- 
ing a ridged portion and etched portions. 

The fourth present invention provides a gallium ni- 
tride based compound semiconductor laser comprising 
a substrate, a first In^AtyGa^N (0<x2 1. 02y21. 
02x+y21) layer of a first conductivity type formed over 
the substrate and the first (r^Al/^ (02x21, 
02y21. 02x+y21) layer having a hexagonal crystal 
structure. In^Ga^N (02x21) current block layers hav- 
ing the hexagonal crystal structure being selectively 
grown on a flat surface of the first In^Oa,.^ 
(02X21. 02y2l. 02x+y2l) layer by use of dielectric 
stripe masks defining a ridge-shaped opening and being 
provided on the flat surface of the first Ir^AiyGa,.,^ 
(05X21. 02y21, 02x+y2i) layer, a second 
In^Ga,.^ (02X21, 02y2i , 02x+ysi) layer of the 
first conductivity type being formed which extends on 
both side walls and top surfaces of the current block lay- 
ers and also extends over the first ln x Al y Ga,. Jt . y N 
(02x^1, 02y2l, 02x+y21) layer, an active region ol 
an IryUyGa^.yN (02x21. 02y2l. 02x+y21) com- 55 
pound semiconductor formed over the second 
ln x AtpGa t4 . y N (02x21, 02y21. 02x+y21) layer, and 
athirdlrvA^Ga 1a ^N (02x21. 02y31,02Xfy2 1) lay- 



er of a second conductivity type formed over the active 
region. 

The fifth present invention provides a galfium nitride 
based compound semiconductor laser comprising a 
s substrate, a first In/^Ga,.,../! (02x2 1, 02ysi, 
02x+y2 1 ) layer of a first conductivity type formed over 
the substrate and the first InAIGaN layer having a hex- 
agonal crystal structure, an active region of an 
In^Ga^N (02X21, 02ysi, 02x+y21) compound 
10 semiconductor having the hexagonal crystal structure 
and being formed over the first In^Ca,.^ (02x21. 
Osysi, 02x+y2l) layer, a second In^AlyGa^^N 
(02x2 1 , 02y 2 1 . 02x+y2 1 ) layer of a second conduc- 
tivity type being formed on the active region and the sec- 
'* ond m^Ga,.^ (02X21. OsySL 0sx+y2l) layer 
hav'ng the hexagonal crystal structure, dielectric stripe 
masks being provided on the second In^A^Ga,.^ 
(02x21, 02V21, 02x+y2i) layer and the dielectric 
stripe masks defining a stripe-shaped opening, and an 
v IrijGa^jtN (02x21) layer of the second conductivity 
type having the hexagonal crystal structure being selec- 
tively grown by use of the dielectric stripe masks so that 
the In^Ga^N (02x21) layer extends over the stripe- 
shaped opening and also extends over pans of the die- 
s lectric stripe masks whereby the Ir^Ga^N (0 2x21) 
layer has a ridge-shape. 

The sixth present invention provides a gallium ni- 
tride based compound semiconductor laser comprising 
a substrate, a first In^Ga^.yN (02x2 1. 02y21, 

0 02x*y 2 1 ) layer of a first conductivity type formed over 
the substrate and the first InAIGaN layer having a hex- 
agonal crystal structure, an active region of an 
IrV^Ga^N (02X21. 02ySl. 02x+y21 ) compound 
semiconductor having the hexagonal crystal structure 

5 and being formed over the first In^AlyGa^N (02x21, 
02y21, 02x+y21) layer, a second In^Ga,.^ 
(02x21 . 02y2 1 , 02x+y2 1 ) layer of a second conduc- 
tivity type being formed on the active region and the sec- 
ond InxAlyGa^yN (02x21, 02y21, 02x+y21) layer 

> having the hexagonal crystal structure. ln x A^Ga 1 . x . y N 
(02x21. 02V21, 02x+y2l) current block layers hav- 
ing the hexagonal crystal structure being selectively 
grown on a flat surface of the second In^AlyGa, ^.yN 
(02X21, 02y2t, 02xty2 i) layer by use of dielectric 

> stripe masks defining a ridge-shaped opening and being 
provided on the flat surface ol the second in x A! y Ga,. ]t . y N 
(02x 21. 02y2K 02X+V21) layer, and an Ir^Ga^N 
(02x21) layer ol the second conductivity type having 
the hexagonal crystal structure being formed which ex- 

1 tends on both side walls and top surfaces of the 
In^Ga^N (02x21, 02y21. 02x+y2l) current 
block layers and also extends over the second 
In^Ga^^N (02X21, Osysi. Osx+ys 1) layer. 

. The seventh present invention provides a gallium 
nitride based compound semiconductor laser compris- 
ing a substrate, a first InjAlyGa^.yN (02x2 1. 02y21, 
02x*y 2 1 ) layer of a first conductivity type being formed 
on a pari of the substrate and the first ln K Al y Ga,. x . y N 
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(Osxsi . Osysi . Os x+y s i ) layer having a hexagonal 
crystal structure and the first In^Ga,.^ (02x21, 
02y2 1 , 02x+y 2 1 ) layer having a ridged portion, an ac- 
tive region of an ln x Al y Ga 1 . K . y N (02x21. Q2y2i. 
D^x+ys 1 ) compound semiconductor being formed on $ 
the ridged portion of the first In^Ga^N (02x21. 
02y21, 02x+y21) layer, a second Ir^AtyGa^^N 
(02X21 02y2i, 02x+y2i) layer of a second conduc- 
tivity type being formed on the active region thereby to 
form a ridge-structure on the substrate, wherein the to 
ridge-structure comprising laminations of the first 
ln x A^Ga 1 . x . y N (02 x21, 02V21, Osx+ySl) layer, the 
active region and the second IrixAlyGa^yN (02x21, 
02y31. 02x+y2l) layer, ln )t AI/3a Vt ! y N (02 x21, 
02y21,0sx+y21) current block layers having the hex- " 
agonal crystal structure being selectively grown on side 
wails of the ridged-structure and over the first 
(n^Ga,.^ (02x21, 02y2L 02x+y2l) layer by 
use of dielectric stripe mask provided on the ridge-struc- 
ture, and a third IrV^Ga^N (02x21, 02y21, 3> 
Osx+ysi) layer ol (he second conductivity type being 
formed over the InjAlyGa^N (02x21, 0sy21, 
02x+y21 ) current block layers and a top of the ridged- 
structure. 

The eighth present Invention provides a gallium ni- & 
tride based compound semiconductor laser comprising 
a substrate, a first iry^Ga^N (02x2 1. 02y21. 
OSx+ys 1 } layer of a first conductivity type being formed 
on the substrate and the first lrvAlyOa,. x ^N (02x21, 
02y21, 02x+y21) layer having a hexagonal crystal 00 
structure aitd the first IrvAlyGa,.^ (02x2i.0Sy21. 
02x+y21) layer having a ridged portion, an active re- 
gion of an In^AlyGa, . r ^N (0 2 x 2 1 . 0 2 y 2 1 , 0 2 x+y 
2 1 ) compound semiconductor being formed on the first 
Iri^Ga^N (02x21. 0sy21 02x+y21)layer,asec- 3$ 
ond InjAlyGa^N (02x21. 02y21. 02x+y21) layer 
of a second conductivity type being formed on the active 
region and the second IrvAlyGa,.^ (02x2 1 . 02y2l . 
02x+y21 ) by er having a ridge portion and flat base por- 
tions, bVU/Sav^yN (02X21 . 02V21 . 02 x+y2l ) cur- <o 
rent block layers having the hexagonal crystal structure 
being selectively grown on side walls ol the ridge portion 
and over the flat base portions by use of dielectric stripe 
mask provided on the ridge portion, and a third 
In^Ga, .,^N (02x2 1 . 02y2 1 . 02x+y2 1 ) layer of the 
second conductivity type being formed over the 
In^Ga,.^ (02x21. 02yS1, 0Sx+yS 1) current 
bkxk layers and a top of the ridge portion. 

The ninth present invention provides a current con- 
finement structure in a semiconductor laser, comprising so 
dielectric stripe masks defining a stripe-shaped opening 
and being provided on a flat surface of a compound 
semiconductor base layer having a hexagonal crystal 
structure, and a compound semiconductor ridge- 
shaped layer of a hexagonal crystal structure being se- & 
(ectivety grown in the stripe-shaped opening over the 
compound semiconductor base layer as well as over 
parts of the dielectric stripe masks. The current block 



layer may selectively be grown by a metal organic chem- 
ical vapor deposition method. 

Since the compound semiconductor ridge-shaped 
layer of a compound semiconductor having a hexagonal 
crystal structure is selectively grown on a compound 
semiconductor base region also having the hexagonal 
crystal structure by use of the dielectric stripe masks de- 
fining at least a stripe-shaped opening, for example, a 
metal organic chemical vapor deposition method, then 
side walls of the compound semiconductor ridge- 
shaped layer have a good flatness The selective growth 
using the cSelectrlc stripe masks results in the highly flat 
side walls of the current block layer as compared to 
when a dry etching process is used. The selective 
growth using the dielectric stripe masks is superior in 
size-controllability as compared to when a dry etching 
process is used. The above selective growth using the 
dielectric stripe masks is more simple than the dry etch- 
ing process. It is essential for the present invention that 
the compound semiconductor of the compound semi- 
conductor ridge-shaped layer has the hexagonal crystal 
structure and the compound semiconductor base region 
also has the hexagonal crystal structure and also es- 
sential that the compound semiconductor ridge-shaped 
layer is formed by a selective growth using the dielectric 
stripe masks defining the stripe-shaped opening Name- 
ly, it is important for the present invention that the com- 
pound semiconductor ridge-shaped layer of the hexag- 
onal crystal structure is formed on the hexagonal crystal 
structure compound semiconductor base region by a 
selective growth using the dielectric stripe masks defin- 
ing a stripe-shaped opening such as a metal organic 
chemical vapor deposition method. The current block 
layer selectively grown is capable of causing a current 
confinement or a current concentration which increases 
a current density whereby a threshold current is reduced 
iJ the above compound semiconductor ridge-shaped 
layer is applied to a semiconductor laser. 

The above hexagonal crystal structure may have a 
(0001 Hace or a face lilted from the (OOOl)-face by an 
angle in the range of 0 degree lo 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of (he dielectric stripe masks 
have a longitudinal direction parallel to the (1 1 -20) direc- 
tion or direction having an included angle to a (11 -20] 
direction in the range ol -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (000 1 ytate or a face tilted from a (0001 )• 
face by an angle in the range ol 0 degree to 1 0 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] c5- 
rection or direction having an included angle to a [ 1 - 1 00] 
direction in the range of -5 degrees to +5 degrees. 

The tenth present invention provides a method of 
terming a current block layer structure comprising the 
steps ol providing dielectric stripe masks defining at 
least a stripe-shaped opening on a surface of a com- 
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pound semiconductor region having a hexagonal crystal 
structure, and selectively growing at least a currant 
block layer of a compound semiconductor having the 
hexagonal crystal structure on the surface of the com* 
pound semiconductor region by use of the dielectric 
stripe masks. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results an the highly flat side 
walls of the current block layer as compared to when a 
dry etching process is used The selective growth using 
the dielectric stripe masks is superior in size-controib- 
bility as compared to when a dry etching process is 
used The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- 
cal vapor deposition method The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced if 
the above current clock structure is applied to a semi- 
conductor laser. 

The above hexagonal crystal structure may have a 
(0001 )-face or a face tilted from the (0001 Hace by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the (11 -20) direc- 
tion or direction having an included angle to a (11 -20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (0001 Hace or a face tilted from a (0001)- 
lace by an angle in the range of 0 degree to to degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe -shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [MOO] di- 
rection or direction having an included angle to a [ 1 -1 00) 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conoWhrity type to that of 
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the compound semiconductor region. In this case, the 
method as claimed in claim 108. wherein the compound 
semiconductor of the current block layer and (he com- 
pound semiconductor region may be gallium nitride 
based semiconductors or boron nitride based semicon- 
ductors. 

Afternativefy. the compound semiconductor of the 
current block layer may have a highly resistive com- 
pound semiconductor such as an undoped semiconduc- 
tor. 

The compound semiconductor region may com- 
prise a compound semiconductor base layer having a 
flat top surface, and wherein the current block layer is 
selectively grown on the flat top surface of the com- 
pound semiconductor base layer by use of the dielectric 
stripe masks provided on the flat lop surface of the com- 
pound semiconductor base layer. 

An additional compound semiconductor layer of the 
same conductivity type as the compound semiconduc- 
tor base layer may further be formed so thai the addi- 
tional compound semiconductor layer extends on both 
side walls and a top surface of the current block layer 
and also extends over the compound semiconductor 
base layer under the stripe-shaped opening under the 
stripe-shaped opening. 

Alternatively, laminations ol a plurality of additfonal 
compound semiconductor layers of the same conduc- 
tivity type as the compound semiconductor base layer 
may further be formed so that the laminations of the plu- 
rality of additional compound semiconductor layers ex- 
• tend on both side walls and a top surface of the current 
block layer and also extend over the compound semi- 
conductor base layer under the stripe-shaped opening. 

. The compound semiconductor region may include 
at least a flat base portion and at least a ridged portion, 
and wherein the current block layer is selectively grown 
both on the flat base portion and on side walls of the 
ridged portion by use of the dielectric stripe masks pro- 
vided on a top portion of the ridged portion. 

Alternatively, the current block layer may comprise 
a single layer having a top surface which is substantially 
the same level as the top portion of the ridged portion. 

Further alternatively, the current block layer may 
comprise laminations of a plurality of different layers and 
the laminations have a top surface which is substantially 
the same level as the top portion of the ridged portion. 
In (his case, (he laminations are formed by depositing a 
first layer having an opposite conductivity type to the 
compound semiconductor region, depositing a second 
layer being laminated on the first layer and having the 
same conductivity type as the compound semiconduc- 
tor region over the first layer; and a third layer being lam- 
inated on the second layer and having the opposite con- 
ductivity type to the compound semiconductor region 
over the second layer. 

The eleventh present invention provides a method 
of forming a current block layer structure in a gallium 
nitride based compound semiconductor laser, compris- 
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ing the steps of providing dielectric strips masks defining 
at [east a stripe-shaped opening on a flat surface of a 
compound semiconductor region having a hexagonal 
crystal structure, selectively growing at least a ridge- 
shaped current block layer of a compound semiconduc- $ 
tor having the hexagonal crystal structure on the surf ace 
of the compound semiconductor region by use of the 
dielectric stripe masks, and forming at least an addition- 
al compound semiconductor layer of the same conduc- 
tivity type as the compound semiconductor base byer ro 
so that the additional compound semiconductor layer 
extends on both side walls and a top surface of (he cur- 
rent block layer and also extends over the compound 
semiconductor base layer under the stripe-shaped 
opening under the strips-shaped opening. The current " 
block layer may selectively be grown by a metal organic 
chemical vapor deposition method. 

Since (he current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 20 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
- layer have a good flatness. The selective growth using 25 
the dielectric stripe masks results in the highly flat side 
waSs of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controfta- 
baity as compared to when a dry etching process is so 
used. The above selective growth using rite dielectric 
stnpe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that ffie com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 35 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block <o 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
compound semiconductor, base region by a selective 
growth using the dielectric stripe masks defining a 
stripe-shaped opening such as a metal organic chemi- *s 
cat vapor deposfflon method. The current block layer se- 
lectively grown is capable of causing a current confine- 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced if 
the above current clock structure is applied to a semi- so 
conductor laser. 

The above hexagonal crystal structure may have a 
(0001 ) -tace or a face tilted from the (0001 ytace by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so thai the & 
stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the (11 -20] direc- 
tion or direction having an included angle to a (11 -20] 



direction in the range of *5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (0001 Hace or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 10 degrees. 
In this case, the dielectric strips masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the [1-100] di- 
rection or cSrection having an included angle to a [ 1 -1 00] 
otrection in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be ol an opposite conductivity type to that of 
the compound semiconductor region. 

The compound semiconductor of the current block 
layer and the compound semiconductor region may be 
gallium nitride based semiconductors or boron nitride 
based semiconductors. 

The compound semiconductor of the current block 
layer may have a highly resistive compound semicon- 
ductor such as an undoped semiconductor. 

The twelfth present invention provides a method of 
forming a current block layer structure in a gallium nitride 
based compound semiconductor laser, comprising the 
steps of forming flat base poriions and ridged pontons 
ol a compound semiconductor region, providing dielec- 
tric stripe masks defining at least a stripe-shaped open- 
ing on the ridged portion of the compound semiconduc- 
tor region having a hexagonal crystal structure, and se- 
lectively growing at least a current block layer of a com- 
pound semiconductor having the hexagonal crystal 
structure both on the flat base portion and on side walls 
of the ridged portion by use of the dielectric stripe 
masks. The current block layer is selectively grown by 
a metal organic chemical vapor deposition method. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by useol the 
dielectric stripe masks defining at least a stripe-shaped 
opening, for example, a metal organic chemical vapor 
deposition method, then side walls of the current block 
layer have a good flatness. The selective growth using 
the dielectric stripe masks results in the highly flat side 
waits of the current block layer as compared to when a 
dry etching process is used. The selective growth using 
the dielectric stripe masks is superior in size-controlla- 
bility as compared to when a dry etching process is 
used. The above selective growth using the dielectric 
stripe masks is more simple than the dry etching proc- 
ess. It is essential for the present invention that the com- 
pound semiconductor of the current block layer has the 
hexagonal crystal structure and the compound semi- 
conductor base region also has the hexagonal crystal 
structure and also essential that the current block layer 
is formed by a selective growth using the dielectric stripe 
masks defining the stripe-shaped opening. Namely, it is 
important for the present invention that the current block 
layer of the hexagonal crystal structure compound sem- 
iconductor is formed on the hexagonal crystal structure 
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compound semiconductor base region by a selective 
growth using the dielectric stripe masks defining a 
strips-shaped opening such as a metal organic chemi- 
cal vapor deposition method. The current block layer se- 
lectively grown is capable of causing a curreni confine- $ 
ment or a current concentration which increases a cur- 
rent density whereby a threshold current is reduced il 
the above current clock structure is applied to a semi- 
conductor laser. 

The above hexagonal crystal structure may have a »0 
(0001 )4ace or a face titled from the (0001)- lace by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so that the 
striped-shaped opening of the dielectric stripe masks 
have a tongitudinaJ direction parallel to the [ 1 1 -20) dime- " 
lion or direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (0001 Hace or a face tilted from a (0001)- 
tace by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to the (1-100) di- 
rection or direction having an included angle toa [1-100] 
direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor of the current block 
layer may be of an opposite conductivity type to that of 
the compound semiconductor region. 

The compound semiconductor of the curreni block 
layer and the compound semiconductor region may be 
gallium nitride based semiconductors or boron nitride 
based senuconductors. 

The compound semiconductor of the current block 
layer may have a highly resistive compound semicon- 
ductor such as an undoped semiconductor. 

The current block layer may comprise a single layer 
having a top surface which is substantially (he same lev- 
el as the top portion of the ridged portion. 

The current block layer may also comprise lamina- 
tions of a plurality of different layers and the laminations 
have a top surface which is substantially the same level 
as the top portion of the ridged portion. In this case, the 
laminations may be formed by depositing a first layer 
having an opposite conductivity type to the compound 
semiconductor region, depositing a second layer being 
laminated on the first layer and having the same con- 
ductivity type as the compound semiconductor region 
over the first layer, and a third layer being laminated on 
the second layer and having the opposite conductivity 
type to the compound semiconductor region over the 
second layer. 

The thirteenth present invention provides a method 
of forming a current confinement structure in a galium 
nitride based compound semiconductor laser, compris- 
ing the steps of providing dielectric strjpa masks defining SS 
at least a stripe-shaped opening on a flat surface of a 
compound semiconductor region having a hexagonal 
crystal structure, and selectively growing a compound 
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semicondxtor ridge-shaped layer of a hexagonal crys- 
tal structure in the stripe-shaped opening over the com- 
pound semiconductor base layer as well as over pans 
of the dielectric stripe masks. The compound semicon- 
ductor ridge-shaped layer may selectively be grown by 
a metal organic chemical vapor deposaion method. 

Since the current block layer of a compound semi- 
conductor having a hexagonal crystal structure is selec- 
tively grown on a compound semiconductor base region 
also having the hexagonal crystal structure by use of the 
dielectric stripe masks defining at least a stripe-shaped 
opening, (or example, a metal organic chemical vapor 
deposition method, then side walls of the compound 
semiconductor ridge-shaped layer have a good flat* 
ness. The selective growth using the dielectric stripe 
masks results in the highly flat side walls of the com- 
pound semiconductor ridge-shaped layer as compared 
to when a dry etching process is used. The selective 
growth using the dielectric stripe masks is superior in 
size-controllability as compared to when a dry etching 
process is used. The above selective growth using the 
dielectric stripe masks is more simple than the dry etch- 
ing process. It is essential for the present invention that 
the compound semiconductor of the compound semi- 
conductor ridge-shaped layer has the hexagonal crystal 
structure and the compound semiconductor base region 
also has the hexagonal crystal structure and also es- 
sential that the compound semiconductor ridge-shaped 
layer is formed by a selective growth using the dielectric 
stripe masks defining the stripe-shaped opening. Name- 
ly, it is important for the present invention that the com- 
pound semiconductor ridge-shaped layer of the hexag- 
onal crystal structure compound semiconductor is 
formed on the hexagonal crystal structure compound 
semiconductor base region by a selective growth using 
the dielectric stripe masks defining a stripe-shaped 
opening such as a metal organic chemical vapor depo- 
sition method. The compound semiconductor ridge- 
shaped layer selectively grown is capable of causing a 
current confinement or a current concentration which in- 
creases a current density whereby a threshold current 
is reduced if the above current clock structure is applied 
to a semiconductor laser. 

The above hexagonal crystal structure may have a 
(OOOl)-face or a face tilted from the (0001 Hace by an 
angle in the range of 0 degree to 10 degrees. In this 
case, the dielectric stripe masks are set so thai the 
stripe-shaped opening ol the dielectric stripe masks 
have a longitudinal direction parallel to the [1 1 -20] direc- 
tion or direction having an included angle to a (11-20] 
direction in the range ol -5 degrees to +5 degrees. 

Alternatively, the above hexagonal crystal structure 
may have a (OOOi Hace or a face tilted from a (0001)- 
face by an angle in the range of 0 degree to 1 0 degrees. 
In this case, the dielectric stripe masks are set so that 
the stripe-shaped opening of the dielectric stripe masks 
have a longitudinal direction parallel to me [MOO] di- 
rection or direction having an included angle to a ( 1 -1 00) 
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direction in the range of -5 degrees to +5 degrees. 

The compound semiconductor region and the com- 
pound semiconductor ridge-shaped layer may be made 
of one selected from the group consisting of galfium ni- 
tride based semiconductors and boron nitride based s 
semiconductors. 

FIRST EMBODIMENT : 

A first embodiment according to the present inven- to 
tion wHJ be described with reference to FIG& 3 and 4. 
FIG. 3 is a fragmentary cross sectional elevation view 
Illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture for a current confinement in a first embodiment ac- »s 
cording to the present invention. FIG. 4 is a fragmentary 
cross sectional elevation view illustrative of a novel gal- 
lium nitride based compound semiconductor laser in a 
selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 20 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a {0001 Hace sapphire 
substrate 1 01 . All of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- *5 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 30OA-thick undoped 
GaN buffer layer 102 is provided on a (0001 Hace sap- 
phire substrate 101. 30 

The 3Q0A-thick undoped GaN buffer layer 102 has. 
a hexagonal crystal structure. A 3 u m-thick n-type GaN 
contact layer 103 doped with Si is provided on an entire 
surface of the 300A-lhick undoped GaN buffer layer 
102. The 3 u m-thick rHype GaN contact layer 1 03 has 35 
a hexagonal crystal structure. The 3 u m-thick n-type 
GaN contact layer 103 has a ridged portion and recess 
portions. A top surface of the ridged portion of ffie 3\i 
m-thick n-type GaN contact layer 103 is a Rat surface. 
Upper surfaces ol the recess portions of the 3 u m-thick <o 
n-type GaN contact layer 103 are also flat surfaces. Fur- 
ther, 0.5 u m-thick p-type GaN current block layers 1 14 
' doped with Mg are selectively provided on the top flat 
surf ace of the ridged portion of the 3 u m-thick n-type 
GaN contact layer 103. The 0.5 u. m-thick p-type GaN *s 
current btock layers 1 1 4 also have the hexagonal crystal . 
structure. As will be described later, the 0.5 u m-thick p- 
type GaN current block layers 11 4 are formed by e se- 
lective growth of a metal organic chemical vapor depo- 
sition method using dielectric stripe masks, for which so 
reason the 0.5 u m-thick p-type GaN current btock layers 
1 1 4 have highly Rat and sloped inside walls. It is impor- 
tant that the 0.5 u m-thick p-type GaN current block lay- 
ers 114 having the hexagonal crystal structure are se- 
lectively grown by the metal organic chemical vapor ss 
deposition method using dielectric 6tripe masks on the 
3 u m-thick n-type . GaN contact layer 103 having the 
hexagonal crystal structure. This results h the formation 



of the highJy flat and sloped inside walls of the 0.5 u m- 
thick p-type GaN current btock layers 114. The highly 
flat and sloped inside walls of the 0.5 p. rrnhrck p-type 
GaN current block layers 114 cause current confine- 
ment as will be described later. A 0.1 u m-thick n-type 
GaN cladding layer 1 1 5 doped with Si is then provided 
which extends on the top and hat surfaces and the 
above highly flat sloped inside walls of the 0.5u m-thick 
p-type GaN current block layers 114 as well as on an 
uncovered part of a top surface of the 3 u m-thick n-type 
GaN contact layer 103. The 0.1 u m-thick n-type GaN 
cladding layer 1 15 has the hexagonal crystal structure. 
A 0.4 u m-thick n-type AIq 07 Gao ^N cladding layer 105 
doped with Si is provided on the 0.1 u. m-thick n-type 
GaN cladding layer 115. The 0.411 m-thick n-type 
Alo.07Gao.93 N cladding layer 105 has the hexagonal 
crystal structure. A 0.1 u m-thick n-type GaN optical 
guide layer 106 doped with St is provided on the 0.4 u. 
m-thick n-type A^TGao^N cladding layer 105. TheO.1 
u, m-thick n-type GaN optical guide layer 106 has the 
hexagonal crystal structure. A multiple quantum well ac- 
tive layer 107 is provided on the 0,1 n m-thick n-type 
GaN optical guide layer 106. The multiple quantum well 
active layer 1 07 comprises 7 periods of alternating 25A- 
thick un^od ln0.2Ga0.8N quantum well layers and 
50A-thick undoped lno.05Gao.95N barrier layers. The 25 
A -thick undoped In© jGao ^N quantum well layers have 
the hexagonal crystal structure. The 50A-thick undoped 
'"o.os^o.asN barrier layers have the hexagonal crystal 
structure. A 20oA-thick p-type A^Ca^N layer 108 
doped with Mg is provided on the multiple quantum well 
active layer 107. The 200A-thick p-type A^Ca^N lay- 
er 108 has the hexagonal crystal structure. A 0.1 u. m- 
thickp-rype GaN optical guide layer 109 doped with Mg 
is provided on the 200A-thick p-type A^Ca^N layer 
108. The 0.1 p m-thick p-type GaN optical guide layer 
1 09 has the hexagonal crystal structure. A 0.4 u m-thick 
p-type Alo oTGao ^N cladding layer 110 doped with Mg 
is provided on the 0. 1 p. m-thick p-type GaN optical guide 
layer 1 09. The 0.4 p m-thick p-type A^o^a^N clad- 
ding layer 110 has the hexagonal crystal structure. 
There are differences in level ol the 0. 1 u m-thick n-type 
GaN cladding layer 115, the 0.4 u m-thick n-type 
AWGao^N dadoing layer 105, the 0.1 p m-thick re- 
type GaN optical guide layer 106, the multiple quantum 
well active layer 107. the 200A-thick p-type A^Ga^ 
layer 108, the 0. 1 u. m-thick p-type GaN optical guide 
layer 109 and the 0.4 u m-thick p-type Mojafi^os^ 
cladding layer 1 10. A 0,2 u m-thick p-type GaN contact 
layer 1 1 1 doped with Mg is provided on the 0.4 u m-thick 
p-type AlooTGa^N dadoing layer 110. A top surface 
of the 0.2 u m-thick p-type GaN contact layer 1 1 1 is flat. 
The 0.2 u m-thick p-type GaN contact layer 111 has the 
hexagonal crystal structure. A p-etectrode 1 1 2 is provid- 
ed on the top flat surface of the 0.2 p m-thick p-type GaN 
contact layer 11 1 . The p-electrode 1 1 2 comprises a nick- 
el layer laminated on (he top flat surface of the 0.2 p m- 
thick p-type GaN contact layer 1 1 1 and a gold layer lam- 
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inated on the nickel layer. An n-electrode 1 1 3 is provided 
on the recessed surface of the 3 p m-thick n-type GaN 
contact layer I0a The rvelectrode 113 comprises a ti- 
tanium layer laminated on the 3 p m -thick n-type GaN 
contact layer 103 and an aluminum layer laminated on 
the titanium layer. 

As described above, since the 0.5 p m-thick p-type 
GaN current block layers 1 14 have an opposite conduc- 
tivity type to that of the 3p m-thick n-type GaN contact 
layer 103 and the 0.1 p m-thtck n-type GaN cladding 
layer 115 as well as the 0,4 p m-thtck n-type 
AlQQrGa^N cladding layer 105, then the 0.5 p m-thick 
p-type GaN current block layers 114 are capable of 
blocking or guiding a current for current confinement 
This current confinement allows a reduction in threshold 
current of the laser cfiode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
tow temperature on the fiat (OOOl)-face sapphire sub- 
strate 101 so that the 300A-thick undoped GaN buffer 
layer 1 02 has a hexagonal crystal structure. The 3pm- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A-thtck undoped 
GaN butler layer 1 02 so that the 3 u. m-thick n-type GaN 
contact layer 103 has a hexagonal crystal structure. Sil- 
icon oxide stnpe masks 21 5 having a width of 1 microm- 
eter are arranged in a [ 1 1 -20] direction of th e hexagonal 
crystal structure of the 3 p m-thtck n-type GaN contact 
layer 103. The silicon oxide slope masks 215 define 
stripe-shaped openings. The 0.5 p m-thick p-type GaN 
cunent block layers 114 doped with Mg are selectively 
grown on the top flat surface of the ridged portion of the 
3 u m-thick n-type GaN contact layer 103 by the metal 
organic chemical vapor deposition method using the sil- 
icon oxide stripe masks 215. Namely, the 0.5 p m-thick 
p-type GaN current block layers 114 are selectively 
grown only on the stripe-shaped openings defined by 
sitcon oxide stripe masks 21 5. The 0.5 p m-thick p-type 
GaN current block layers 114 also have the hexagonal 
crystal structure. Since the 0.5 p m-thick p-type GaN 
current block layers 114 are grown by a selective growth 
of the metal organic chemical vapor deposition method 
using dielectric stripe masks, the 0.5 p m-thick p-type 
GaN current block taye rs 1 1 4 have hrghty flat and sloped 
inside wads. It is important that the 0.5 p m-thick p-type 
GaN current bkxk layers 114 having the hexagonal 
crystal structure are selectively grown by the metal or- 
gan ic chemical vapor deposition method using dielectric • 
stripe masks on the 3 p m-thick n -type GaN contact layer 
103 having the hexagonal crystal structure. This results 
in the formation of the highly flat and sloped inside walls 
of the 0.5 p m-thick p-type GaN current block layers 1 1 4. 
The highly flat and sloped inside walls of the 0.5 p m- • 
thick p-type GaN current block layers 1 1 4 cause current 
confinement. The used silicon oxide stripe masks 215 
are removed by a florin acid solution. The 0. 1 u m-thick 



n-type GaN cladding layer 115 doped with Si is then 
grown by the metal organic chemical vapor deposition 
so that the 0. 1 p m-thick n-type GaN dadoing layer 115 
extends on the top and flat surfaces and the above high- 
s fy Rat sloped inside walls of the 0. 5 p m-thick p-type GaN 
current block layers 1 1 4 as well as on an uncovered part 
of a top surface of the 3 p m-thick n-type GaN contact 
layer 1 01 The 0.1 p m-thick n-type GaN cladding layer 
1 1 5 also has the hexagonal crystal structure. The 0,4 p 
iQ m-thtck n-type AlooTGa^N dadoing layer 105 doped 
with SI is grown by the metal organic chemical vapor 
deposition on the 0.1 p m-thtck n-type GaN cladding lay- 
er 115 so that the 0,4 p m-thick n-type Alo^a^N 
cladding layer 105 has the hexagonal crystal structure. 
is The 0.1 u m-thick n-type GaN optical guide layer 106 
doped with Si is grown by the metal organic chemical 
vapor deposition on the 0.4 p m-thick n-type 
AioxjTGa^N cladding layer 105 so that the 0.1 p m- 
thick n-type GaN optical guide layer 106 has the hexag- 
20 onal crystal structure. The multiple quantum welt active 
layer 107 is grown by the metal organic chemical vapor 
deposition on the 0. 1 p m-thick n-type GaN optical guide 
layer 106, wherein the multiple quantum well active lay- 
er 107 comprises 7 periods ol alternating 25A-thick un- 
25 doped ln a2 Gao 3 N quantum well layers and 50A-thick 
undoped lf>o,o£ Ga o.95 N barrier layers. The 25A -thick un- 
doped lrto.2Gao.3N quantum well layers and the 50A 
•thick undoped lnO.05GaO.95N barrier layers have the 
hexagonal crystal structure. The 200A-tnick p-type 
& Al 05 Ga oe N layer 108 doped with Mg is grown by the 
metal organic chemical vapor deposition on the multiple 
quantum well active layer 107 so that the 200A -thick p- 
type Ato^Gao^N layer 108 has the hexagonal crystal 
structure. The 200A-thick p-type At^a^N layer 108 
35 is capable of preventing dissociation of indium from the 
multiple quantum well active layer 107. The 0.1 p m- 
Uiick p-type GaN optical guide layer 109 doped with Mg 
is grown by the metal organic chemical vapor deposition 
on the 200 A -thick p-type Al^a^N layer 108 so that 
to the 0. 1 u m-thick p-type GaN optical guide layer 1 09 has 
the hexagonal crystal structure. The0.4p m-thick p-type 
Al 007 Gao33N cladding layer 110 doped with Mg is 
grown by the metal organic chemical vapor deposition 
on the 0. 1 p m-thick p-type GaN optical guide layer 1 09 
£ so that the 0.4 p m-thick p-type Alo 076%^ cladding 
layer 1 10 has the hexagonal crystal structure. The 0.2 
p m-thtck p-type GaN contact layer 111 doped with Mg 
is grown by the metal organic chemical vapor deposition 
on the 0.4 p m-thick p-type AI^Ga^ gjN cladding layer 
*> 1 10 so that the 0.2 p m-thick p-type GaN contact layer 
1 1 1 has the hexagonal crystal structure. The nickel layer 
is formed on the top flat surface of the 0.2 p m-thtck p- 
type GaN contact layer 111 and a gold layer is then 
formed on the nickel layer thereby forming the p-elec- 
s trode 1 1 2. A titanium layer is formed on the 3 p m-thick 
n-type GaN contact layer 103 and an aluminum layer is 
then formed on the titanium layer. 

Since the 0.5 p m-thick p-type GaN current block 
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layers 11 4 have an opposite conductivity type to that of 
the 3 u> m -thick n-type GaN contact layer 103 and the 
0.1 u> m-thick n-type GaN cladding layer 1 1 5 as well as 
the 0.4 n m-thick n-type A^i/Gaa^ cladding layer 
105. then the 0.5 \i m-thick f>type GaN current block 
layers 114 are capable oi blocking or guiding a current 
tor current confinement. This current confinement al- 
lows a reduction in threshold current of the laser diode. 

Since, further, the p-electrode 11 2 has a targe con- 
tact area with the 0-2 u m-thick p-type GaN contact layer 
111. a contact resistance between the p-electrode 112 
and the 0.2 u. m-thick p-type GaN contact layer 111 is 
small. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess. 

Moreover, there are the differences En level of the 
0.1 u m-thick n-type GaN cladding layer 115, the 0.4 u 
nvthick n-type AI^Ga^^N ctadolng layer 1 05, the 0. 1 
u m-thick n-type GaN optical guide layer 106, the mul- 
tiple quantum weO active layer 107, the 200A-thick p- 
typeAtg^Gao gN layer 108, the 01 u m-thick p-type GaN 
optical guide layer 109 and the 0.411 m-thick p-type 
A 'oo7 Ga os3 N cladding layer 110. This configuration 
forms that the cladding layers are positioned at the right 
and left sides of the active layer so that an optical control 
In (he transverse mode can be made. 

Since the galfium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the {0001 )-face of the gallium ni- 
tride layer, then the gaflium nitride based compound 
semiconductor layers are almost not grown in the 
(1-10X>1 direction. 

Namely, the p-type gallium nitride current block lay- 
ers 114 having the hexagonal structure are selectively 
grown on the (000l)-tace of the n-type gaflium nitride 
layer 1 03 having the hexagonal crystal structure by use 
of the dielectric stripe masks arranged in a longitudinal 
direction along the {1 1 -20] direction so that no extending 
portion over the dielectric stripe masks is formed. 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide is formed 
in a direction along the (11-20] direction of the crystal 
structure. It is difficult to cleave the semiconductor wafer 
in the [ 1 1 -20] direction. This means it difficult to form the 
reflective faces of resonator in the laser diode by the 
cleaving method For this reason, it is necessary to form 
the reflective faces of resonator in the laser diode by 
other method such as dry etching 

As a rnoditlcation, the optical waveguide may be 
formed in a direction tilted from the (11-20) direction of 
the crystal structure by an angle an the range of±5 de- 
grees. Even if the optical waveguide is formed in a di- 
rection tilted from the [11-20] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
there is no problem unless the semiconductor layer is 
allowed to be selectively grown in the [1 1 -20) direction. 
In (be later case, however, it is necessary that the die- 



lectric strip masks are almost the same in thickness as 
the current. block layers. 

Whereas in the above emoodment the semicon- 
ductor layers having the hexagonal crystal structure are 
s grown on the (0001 )* lace of the sapphire substrate, it is 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (1i-20)-face of 
the sapphire substrate. 

Further, in place of the (0001)-face sapphire sub* 
io strata and the (1l-20)-face sapphire substrate, silicon 
oxide substrates with the (0001 Hace or the (1 1 -20>-face 
are available. Furthermore, MgAljC^ substrates with 
the (0001 Hace or the {11-20>-face are also available. 
Gallium nitride substrates with the (OOOl)-face or the 
'5 (11-20Haceare still further available. The sapphire sub- 
strate, silicon oxide substrate, MgA^0 4 substrate, and 
gallium nitride substrate having other faces than the 
(0001 )-face or the (11 -20)-face are also available. 
The above present invention can be applied not on- 
#> fy to the gallium nitride based laser diode as illustrated 
in the drawings but alsoother gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 
electrode, martial of dielectric stripe masks, depth of dry 
2S etching, and width of stripe of the dielectric stripe masks. 
Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (0001 )-face, 
the surfaces of the individual semiconductor layers may 
be tilted from the (0001}- face by an angle in the range 
30 ofisdegrees. 

SECOND EMBODIMENT: 

A second embodiment according to the present tn- 
95 vention will be described with reference to FIGS. 5 and 
6. FIG. 5 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture for a current confinement in a second embodiment 
<o according to the present invention. FIG. 6 Is a fragmen- 
tary cross sectional elevation view illustrative of a novel 
gallium nitride based compound semiconductor laser in 
a selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
i$ od thereof. 

The novel gaflium nitride based compound semi- 
conductor laser is formed on a (OOOI)-face sapphire 
substrate 101 . All ol compound semiconductor layers in 
the novel gaOium nitride based compound semconduc- 
so tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thtcK undoped 
GaN buffer layer i02 is provided on a (0001 >-tace sap- 
phire substrate 101. The 300A-thick undoped GaN buff- 
is er layer 102 has a hexac^jnal crystal structure. A3u nv- 
thick n-type GaN contact layer 1 03 doped with Si is pro- 
vided on an entire surface of the 300A-thick undoped 
GaN buffer layer 102. The 3 u. m-thick n-type GaN con- 
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tact layer 103 has a hexagonal crystal structure. The 3 
li m-thick rHype GaN contact layer 103 has a ridged 
portion and recess portions. A top surface at the ridged 
portion of the 3 ^ m-thick n-type GaN contact layer 103 
is a flat surface. Upper surfaces of the recess portions 5 
of the 3 ji m-th etc n-type GaN contact layer 1 03 are also 
flat surfaces. Further. 0.5 u m-thick p-type GaN current 
block layers 1 14 doped with Mg are selectively provided 
on the top flat surface of the ridged portion of the 3 \i m- 
thick n-type GaN contact layer 103. The 0.5 u m-thick >o 
p-type GaN current block layers 114 also have the hex- 
agonal crystal structure. As will be described later, the 
0.5 u m-thick p-type GaN current block layers 114 are 
formed by a selective growth of a metal organic chemi- 
cal vapor deposition method using dielectric stripe is 
masks, for which reason the 0.5 u. m-thick p-type GaN 
current block layers 114 have highly flat and sloped in- 
side walls. It is important that the 0.5 u. m-thick p-type 
GaN current block layers 114 having the hexagonal 
crystal structure are selectively grown by the metal or- ?0 
gan ic chemical vapor deposition method using dielectric 
si ripe masks on the 3 u m-thick n-type GaN contact layer 
103 having the hexagonal crystal structure. This results 
in the formation of the highly Rat and sloped inside walls 
of the 0.5 u m-thtck p-type GaN current block layers 114. s$ 
The highly flat and sloped inside watts of the 0.5 u en- 
truck p-type GaN current block layers 114 cause current 
confinement as will be described later. A 0.5 u. m-thick 
n-type GaN cladding layer 115 doped with Si is then se- 
tectrvefy provided which extends on the above highly flat so 
sloped inside walls of the 0.5 ji m-thick p-type GaN cur- 
rent block layers 114 as well as on an uncovered pan of 
a top surface of the 3 n m-thick n-type GaN contact layer 
103 whilst the 0.5 u, m-thick n-type GaN cladding layer 
1 1 5 does not extend over the top surfaces of the 0.5 u 3$ 
m-thtck p-type GaN current block layers 1 1 4 so that the 
top surface of the 0.5 u. m-thick n-type GaN cladding 
layer 115 has the same level as the top surfaces of the 
0.5 u m-thick p-type GaN current block layers 114, 
whereby a flat top surface is formed The 0 5 u m-thtck *o 
n-type GaN cladding layer 115 has the hexagonal crys- 
tal structure. A 0.4 u m-thick n-type Al^^a^N clad- 
ding layer 105 doped with Si is provided on the flat and 
leveled top surfaces of theO.S u. m-thick n-type GaN 
cladding layer 1 1 Sand the 0.5 u. m-thick p-type GaN cur- «s 
rent bkxk layers 114. The 0.4 u m-thick n-type 
A^ fljGao gjN cladding layer 105 is flat layer or has no 
difference in level The 0.4 \i m-thick n-type 
AJ o.07 Ga O33 N cladding layer 105 has the hexagonal 
crystal structure. A 0.1 u m-thick n-type GaN optical so 
guide layer 108 doped with Si is provided on the 0.4 u 
m-thick n-type Mq .^a^N cladding layer 105. The 0. 1 
ix m-thick n-type GaN optical guide layer 106 has the 
hexagonal crystal structure. A multiple quantum wet) ac- 
tive layer 107 is provided on the 0.1 u m-thick n-type 55 
GaN optica) guide layer 106. The multiple quantum well 
active layer 107 comprises 7 periods of alternating 25A- 
thick undoped Ino jGao^N quantum well layers and 



50A-thick undoped In^GaQ^N barrier layers. The 
25A-thick undoped In^Gao 8 N Quantum well layers 
have the hexagonal crystal structure. The 50A-thick un- 
doped ln a 0 5 Ga O 9S N barrier layers have the hexagonal 
crystal structure; A 20QA-thick p-type A| 0 _ ? Ga 0 8 N layer 

108 doped with Mg is provided on the multiple quantum 
well active layer 107. The 200A-thtck p-type A^Ga^N 
layer 108 has the hexagonal crystal structure. A 0. 1 u. 
m-thick p-type GaN optical guide layer 109 doped with 
Mg is provided on the 200A-thick p-type Al^a^N lay- 
er 103. The 0. 1 p m-thick p-type GaN optical guide layer 

109 has the hexagonal crystal structure. A 0.4 u m-thick 
p-type AloorGao OT N cladding layer 110 doped with Mg 
is provided on the 0; l u. m-thick p-type GaN optical guide 
layer 109. The 0.4 u m-thick p-type A| 0ir7 Ga 0 ^N clad- 
ding layer 110 has the hexagonal crystal structure. 
There are no differences in level of the 0.4 u, m-thick n- 
type A^Ga^^N cladding layer 105, theO.1 u m-thick 
n-type GaN optical guide layer 106, the multiple quan- 
tum well active layer 107, the 200 A -thick p-type 
Af^Ga^gN layer 103, the 0, 1 ^ nvthtck p-type GaN op- 
tical guide layer 109 and the 0.4 u m-thtck p-type 
A] a07 Gao cladding layer 110. A 0.2 p m-thick p-type 
GaN contact layer 111 doped with Mg is provided on the 
0.4 u m-thick p-rype Al 0 07 Gag 93 N cladding layer 1 1 0. A 
top surface of the 0.2 u m-thtck p-type GaN contact layer 
111 is flat The 0.2 u m-thick p-type GaN contact layer 

111 has the hexagonal crystal structure. A p-etectrods 

112 is provided on the top flat surface of the 0.2 u n> 
thick p-type GaN contact layer 1 1 1 . The p-electrode 1 1 2 
comprises a nickel layer laminated on the top flat sur- 
face of the 0.2 u m-thick p-type GaN contact layer 1 11 
and a gold layer laminated on the nickel layer. An n-e!ec- 
trode 11 3 is provided on the recessed surface of the 3 
u m-thick n-type GaN contact layer 1 03. The n-eleclrode 

1 1 3 comprises a titanium layer laminated on the 3 \i n> 
thick n-type GaN contact layer 103 and an aluminum 
layer laminated on the titanium layer. 

As described above, since the 0.5 u. m-thtck p-type 
GaN current block layers 1 1 4 have an opposite conduc- 
tivity type to that of the 3 n m-thick n-type GaN contact 
layer 103 and the 0.5 u. m-thick n-type GaN cladding 
layer 115 as well as the 0.4 u m-thick n-type 
A^jo/Ga^N cladding layer 105. then the 0.5 n m-thick 
p-type GaN current block layers 114 are capable of 
blocking or guiding a current for current confinement 
This current confinement allows a reduction in threshold 
current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
low temperature on the flat (0001)-face sapphire sub* 
strata 101 so that the 300A-thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3 u m- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A -thick undoped 
GaN buffer layer 1 02 so that the 3 u m-thick rHype GaN 



15 



EP0 851 542 A2 



30 



contact layer 1 03 has a hexagonal crystal structure. Sit* 
icon oxide strpe masks 215 having a width of 1 microm- 
eter are arranged in a [11*20] direction of the hexagonal 
crystal structure of the 3 u m-thick n-type GaN contact 
layer 103. The silicon oxide stripe masks 215 define 
stripe-shaped openings. The 0.5 \i m-lhick p-type GaN 
current block layers 114 doped with Mg are selectively 
grown on the top flat surface ol the ridged portion of the 
3 u. m-thick n-type GaN contact layer 103 by the metal 
organic chemicaJ vapor deposition method using the sil- 
icon oxide stripe masks 215. Namely, the 0.5 u. m-thk* 
p-type GaN current block layers 114 are selectively 
grown only on the stripe-shaped openings defined by 
silicon oxide stripe masks 215. The 0.5 u m-thick p-type 
GaN current block layers 114 also have the hexagonal 
crystal structure. Since the 0.5 p m-thick p-type GaN 
current block layers 1 1 4 are grown by a selective growth 
of the metal organic chemical vapor deposition method 
using dielectric stripe masks, the 0.5 u. m-thick p-type 
GaN current block layers 114have highly flat and sloped 
inside walls. It is important that the 0.5 u m-thick p-type 
GaN current block layers 114 having the hexagonal 
crystal structure are selectively grown by the metal or- 
ganic chemical vapor deposition method using dielectric 
stripe masks on the 3 u m-thick n-type GaN contact layer 
1 03 having the hexagonal crystal structure. This results 
in the formation of the highly Mat and sloped inside walls 
of the 0.5 p> m-thick p-type GaN current block layers 1 1 4. 
The highly flat and sloped inside walls of the 0.5 u. m- 
thick p-type GaN current block layers 1 1 4 cause current 
confinement. The used silicon oxide stripe masks 215 
are removed by a florin acid solution. Other silicon oxide 
stripe masks not illustrated are then provided on the top 
surfaces of the 0.5 u. m-thick p-type GaN current block 
layers 114. The O.I u m-thick n-type GaN cladding layer 
115 doped with Si Is then grown by (he metal organic 
chemical vapor deposition using the other silicon oxide 
stripe masks so that the 0.5 u m-thick n-type GaN clad- 
ding layer 115 extends on the above highly flat sloped 
inside walls of the 0.5 u. m-thick p-type GaN current 
block layers 114 as well as on an uncovered part of a 
top surface of the 3 u, m-thick n-type GaN contact layer 
103. However, the 0.5 u, m-thick n-type GaN cladding 
layer 1 1 5 does not extend over the top surfaces oi the 
0.5 p m-thick p-type GaN current block layers 114 
Namely, the top surface of theO.5 u. m-thick n-type GaN 
cladding layer 1 i 5 has the same level as the top surf ac- 
es of the 0.5 u m-thick p-type GaN current block layers 
114. The 0 5 u mihick n-type GaN cladding layer 115 
alsohaslhehexagonalcrystalstructure. The used other i 
silicon oxide stripe masks are removed. The 0.4 u ru- 
th ick n-type A^^a^N cladding layer 105 doped with 
Si is grown by the metal organic chemical vapor depo- 
sition on the 0.1 u m-thick n-type GaN cladding layer 
115 so that the 0.4 u m-thick n-type Al^Ga^^N clad- * 
ding layer 105 has the hexagonal crystal structure. The 
0.1 p m-thick n-type GaN optical guide layer 106 doped 
with Si is grown by the metal organic chemical vapor 



deposition on the 0.4 u. m-thick n-type Algo/Ga^^N 
ciadding layer 105 so that the 0.1 u m-thick n-type GaN 
optical guide layer 1 06 has the hexagonal crystal struc- 
ture. The multiple quantum well active layer 107 is 
5 grown by the metal organic chemicaJ vapor deposition 
on the 0. 1 p m-thick n-type GaN optical guide layer 105. 
wherein the muliiple quantum well active layer 107 com- 
prises 7 periods of alternating 25A-thick undoped 
In^GaogN quantum well layers and 50A -thick un- 
io doped ln0.05Ga0.95N barrier layers. The 25A-lhtck un- 
doped tn^Gao a N quantum wed layers and the 50 A 
•thick undoped InoOSGao 95N barrier layers have the 
hexagonal crystal structure. The 200 A-thick p-type 
Wo^Gao sN layer 108 doped with Mg is grown by the 
'5 metal organic chemical vapor deposition on the multiple 
quantum well active layer 107 so that the 200A-thtck p- 
type A^GaoeN layer 108 has the hexagonal crystal 
structure. The 200A-lhick p-type ^^Ga^N layer 103 
is capable of preventing dissociation of indium from the 
so multiple quantum well active layer 107. The O.I u. nv 
thick p-type GaN optical guide layer 109 doped with Mg 
is grown by the metal organic chemical vapor deposition 
on the 200A-thtck p-type A^Ga^N layer 108 so that 
. the 0. 1 urn-thick p-type GaN optical guide layer 1 09 has 
2$ the hexagonal crystal structure. The 0,4 u, m-lhick p-type 
Alo.07Gao.93N cladding layer 110 doped with Mg is 
grown by the metal organic chemicaJ vapor deposition 
on the 0.1 u, m-thick p-type GaN optical guide layer 109 
so that the 0.4 u m-thick p-type A^ o/Ga^N dadoing 
30 layer 1 10 has the hexagonal crystal structure. The 0.2 
u m-thick p-type GaN contact layer 111 doped with Mg 
is grown by the metal organ ic chemical vapor deposition 
on the 0.4 urn-thick p-type A^o/Ga^N cladding layer 
110 so that the 0.2 u m-thick p-type GaN contact layer 
» 111 has the hexagonal crystal structure. The nickel layer 
Is formed on the top flat surface of the 0.2 u m-thick 0- 
type GaN contact layer 111 and a gold layer is then 
formed on the nickel layer thereby forming the p-etec- 
trode 11 2. A. titanium layer is formed on the 3 u m-thick 
w n-type GaN contact layer 103 and an aluminum layer is 
then formed on the titanium layer. 

Since the 0.5 u m-thick p-type GaN current block 
layers 114 have an opposite conductivity type to that of 
the 3 u. m-thick n-type GaN contact layer 103 and the 
5 0.5 u. m-thick n-type GaN cladding layer 1 1 5 as well as 
the 0.4 u. m-thick n-type Alo^Gao^N cladding layer 
105. then the 0.5 u. m-thick p*lype GaN current block 
layers 1 14 are capable of blocking or guiding a current 
for current confinement This current confinement al- 
0 tows a reduction in tore shold current of the laser diode. 
Since, further, the p -elect rode 112 has a large con- 
tact area with the 0.2 nm- thick p-type GaN contact layer 
111, a contact resistance between the p-elec trode 112 
and the 0.2 p m-thick p-type GaN contact layer 111 is 
s small. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess. - 
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Moreover, the multiple quantum well active layer 
1 07 is formed on the Oat surface. This results in no pos- 
sibility of compositional modification or no variation in 
composition over position of (he active layer 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (0001 )4ace of the gallium ni- 
tride layer, then the gallium nitride based compound 
semiconductor layers are almost not grown in the 
J1-100) direction. 

Namely, the p-type gallium nitride current block lay- 
ers 1 14 having the hexagonal structure are selectively 
grown on the (000l)-face of the n-type gallium nitride 
layer 103 having the hexagonal crystal structure by use 
of the dielectric stripe masks a/ranged in a longitudinal 
direction along the [1 1 -20) ejection so that no extending 
portion over the dielectric stripe masks is formed. 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide is formed 
in a direction along the |11-20) direction of the crystal 
structure. It is difficult to cleave the semiconductor wafer 
in the (1 1 -20] direction. This means it difficult to form the 
reflective faces of resonator in the laser diode by the 
cleaving method. For this reason, it is necessary to form 
the reflective faces of resonator in the laser diode by 
other method such as dry etching. 

As a modification, the optica) waveguide may be 
formed in a direction tilled from the (11-20) direction of 
the crystal structure by an angle in the range ot±5 de- 
grees. Even if the optical waveguide is formed in a di- 
rection tilted from the [11-20] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
there is no problem unless the semiconductor layer is 
allowed to be selectively grown in the (11-20J direction. 
In the later case, however, it is necessary that the die- 
lectric strip masks are almost the same in thickness as 
the current block layers. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 Wace of (he sapphire substrate, it is * 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (11-20)-face of 
the sapphire substrate. 

Further, in place of the (0001 )-face sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 4 
oxide substrates with the (0001 )-face or the (11 -20Hace 
are available. Furthermore, MgA^0 4 substrates with 
the (000l)«fac8 or the (11-20)-face are also available. 
Gallium nitride substrates with the (0001) -face or the 
( 1 1 -20}-(ace are still runner available. The sapphire sub- * 
strate. silicon oxide substrate, MgAlgO, substrate, and 
gallium nitride substrate having other faces than the 
(0001 Hace or the (11 -20)-faco are also available. 

The above present nventton can be appOed not on- 
ly to the gallium nitride based laser diode as illustrated & 
in (he drawings but also other galSum nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 



electrode, mania) of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stripe masks. 

Although in the above embodiment the individual 
semiconductor layers have surfaces of the (0001 )-f ace, 
s the surfaces of the individual semiconductor layers may 
be tilted from the (OOOi)-face by an angle in the range 
of ±5 degrees. 

THIRD EMBODIMENT: 

to 

A third embodiment according to the present inven- 
tion will be described with reference to FIGS. 7 and 8. 
FIG. 7 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 

' £ semiconductor laser having a current block layer struc- 
ture for a current confinement in a third embodiment ac- 
cording to the present invention. FIG. 8 is a fragmentary 
cross sectional elevation view illustrative of a novel gal- 
lium nitride based compound semiconductor laser in a 

20 selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (1l-20)-face sapphire 

& substrate 201 . All of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thick undoped 

so GaN buffer layer 1 02 is provided on a ( 1 1 -20)-face sap- 
phire substrate 201 . The 300A-thick undoped GaN buff- 
er layer 1 02 has a hexagonal crystal structure. A 3 \i m- 
thick n-type GaN contact layer 103 doped with Si is pro- 
vided on an entire surface of the 300A-thtck undoped 

35 GaN buffer layer 102. The 3 u m-thick n-type GaN con- 
tact layer 1 03 has a hexagonal crystal structure. The 3 
u m-thick n-type GaN contact layer 103 has a ridged 
portion and recess portions. A top surface of the ridged 
portion of the 3 u. m-thick n-type GaN contact layer 103 

to is a flat surface. Upper surfaces of the recess portions 
of the 3 u m-thick n-type GaN contact layer 103 are also 
flat surfaces. A 0.1 \i m-thick n-type Ino osGa^N layer 
104 doped with Si is provided on the top flat surface of 
the ridged portion of the 3 u m-thick n-type GaN contact 

'5 layer 1 03. The 0. 1 u, m-thick n-type Ity ^Ga^N layer 
104 is capable of preventing crack in the compound 
semiconductor. A 0.4 u m-thick n-type Al^^a^^N 
cladding layer 105 doped with Si is provided on the 0.1 
u m-thick n-type In^osGao^N layer 104. The 0.4 u n> 

0 thick n-type A|q .076%^ cladding layer 105 has the 
hexagonal crystal structure. A 0.1 u m-thick n-type GaN 
optical guide layer 106 doped with Si is provided on the 
0.4 u m-thick n-type A^Gao ggN dadoing layer 105. 
The 0.1 n m-thick n-type GaN optical guide layer 106 

$ has the hexagonal crystal structure. A multiple quantum 
well active layer 107 is provided on the 0.1 u. m-lhick n- 
type GaN optical guide layer 105. The multiple quantum 
well active layer 107 comprises 7 periods of alternating 



17 



33 



EP0851 542 A2 



34 



25A -thick undoped I^^Gao^N quantum we I) tayers and 
SOA-thick undoped Iriw^Gao^N barrier tayers. The 25 
A-thick undoped tng^Ga^gN quantum wen tayers have 
the hexagonal crystal structure. The 50A-thick undoped 
In© .ospaQstf* barrier tayers have the hexagonal crystal 
structure. A 200A-*hick p-type A^Ga^ layer 103 
doped with Mg is provided on the multiple quantum well 
active layer 107. The 200A-thick p-type A^jGa^gN lay- 
er 108 has the hexagonal crystal structure. A 0. 1 u m- 
thick p-type GaN optical guide layer 109 doped with Mg 
is provided on the 20QA-thick p-type A^Ca^N layer 
108. The 0.1 u. m-thick p-type GaN optical guide layer 
109 has the hexagonal crystal structure. A 0.4 u m-thick 
p-type A^^Gao 9jN cladding layer 110 doped with Mg 
is provided on the 0.1 urn-thick p-type GaN optical guide 
layer 109. The 0 t 4 u m-lhick p-type Ato 07 Gao clad- 
ding layer 1 lOhasthe hexagonal crystal structure. A0.2 
ji m-lhick p-type GaN layer 214 doped with Mg is pro- 
vided on the 0.4 p m-thick p-type A^^Sao^N cladding 
layer 110. The 0.2 u m-thick p-type GaN layer 214 has 
the hexagonal crystal structure. Further. 2000A-th!ck sil- 
icon oxide stripe masks 215 are provided so that a lon- 
gitudinal direction of the 2000A-thick silicon oxide strips 
masks 215 is parallel to the [1-100] direction of the hex- 
agonal crystal structure. The 2000A-thick silicon oxide 
stripe masks 215 defines a stripe-shaped opening with 
a width of 5 u m A 0.3 u m-thick p-type GaN contact 
layer 1 11 doped with Mg is selectively provided on the 
stripe-shaped opening of the 20OQA-thick silicon oxide 
stripe masks 21 5 over the 0.2 u m-thick p-type GaN lay- 
er 214 and also on pans adjacent to the stripe-shaped 
opening ol the 2000A-thick silicon oxide stripe masks 
215. Namely, the 0.3 u m-thick p-type GaN contact layer 
111 issefecuvetygrownby useofthe2000A-thicksificon 
oxide stripe masks 21 5 so that the 0.3 u m-thtck p-type 
GaN contact layer ill has a ridge-shape in cross sec- 
tional view and also has sloped and highly flat side wails. 
The 0.3 p m-thick p-type GaN contact layer 1 11 has the 
hexagonal crystal structure. A p-etectrode 112 is provid- 
ed which extends on the top surface and the highly flat 
side wafis of the 0.3 u m-thick p-type GaN contact layer 
111 as well as over parts of the 2000 A -thick silicon ox- 
ide stripe masks 2 1 5. The p-etectrode 112 comprises a 
nickel layer laminated on the top surface and the highly 
flat side walls of the 0.3 u m-thick p-type GaN contact 
layer 111 and a gold layer laminated on the nickel layer. 
An n-etectrode 113 is provided on the recessed surface 
of the 3 u. m-thick rvtype GaN contact layer 103. The n- 
eJectrode 113 comprises a titanium layer laminated on 
the 3 u, m-thick n-type GaN contact layer 103 and an 
aluminum layer laminated on the titanium layer. 

In this embodiment, the 2000A-thick silicon oxide 
stripe masks 21 5 and the ridge-shaped 0.3 u m-thick p- 
type GaN contact layer 111 serve for current confine- 
ment This current confinement aUows a reduction in 
threshold current of the laser diode. 

The above laser diode is formed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
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a metal organic chemical vapor deposition method at a 
tow temperature on the Rat (11 -20) -face sapphire sub- 
strate 201 so that the 3Q0A thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3 m m- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A-thick undoped 
GaN buffer layer 1 02 so that the 3 u m-thick n-type GaN 
contact layer 1 03 has a hexagonal crystal structure. The 
0.1 p. m-thick n-type ln0.O5GaO.95N layer 104 doped 
with Si is grown by the metal organic chemical vapor 
deposition on the top surface of the ridged portion of the 
3 u m-thick n-type GaN contact layer 1 03 so that the 0. 1 
u m-thick n-type lnO.05GaO.95N layer 104 has a hexag- 
onal crystal structure. The 0.4 u m-thick n-type 
AIo otG^ cladding layer 105 doped with Si is grown 
by the metal organic chemical vapor deposition on the 
0.1 u m-thick n-type InoosGaosjN tayer 104 so that the 
0.4 u m-thick n-type A^Gao^N cladding layer 105 
has the hexagonal crystal structure. The 0.1 u m-thick 
n-type GaN optical guide layer 106 doped with Si is 
grown by the metal organic chemical vapor deposition 
on the 0.4 u m-thick n-type A^ 07 Gao ^ cladding layer 
105 so that the 0.1 u m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 
tiple quantum well active layer 107 is grown by the metal 
organic chemical vapor deposition on the 0.1 u, m-thick 
n-type GaN optical guide layer 1 06. wherein the multiple 
quantum welt active layer 107 comprises 7 periods of 
alternating 2SA-lhick undoped In^GaogN quantum 
well layers and 50A-thick undoped 1^.050%^ barrier 
layers. The 25A-thick undoped In^^N quantum 
well tayers and the 50A-thick undoped tn6.05GaO.95N 
barrier layers have the hexagonal crystal structure. 

The200A-thickp-type A^Ca^N layer 108 doped 
with Mg is grown by the metal organic chemical vapor 
deposition on the multiple quantum well active layer 107 
so that the 200A- thick p-type A^Ga^^N layer 108 has 
the hexagonal crystal structure. The 200A-thick p-type 
Alo^Gao^N layer 108 is capable ol preventing dissoci- 
ation of indium from the m utliple quantum well active lay- 
er 107? The 0.1 M m-thick p-type GaN optical guide layer 
109 doped with Mg is grown by the metal organic chem- 
ical vapor deposition on the 200A-thick p-type 
AI^Ga^N tayer 108 so that the 0.1 u m-thick p-type 
GaN optical guide layer 109 has the hexagonal crystal 
structure. The 0.4 u, m-thick p-type Al 007 Ga 0 ^ 3 N clad- 
ding tayer 110 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the 0. 1 u m-thick p- 
type GaN optical guide tayer 109 so that the 0.4 u m- 
thick p-type AI^GaogjN cladding layer 110 has the 
hexagonal crystal structure. The 0.2 u m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 u m-thick p-type 
AlojjrGao 93N cladding layer 1 1 0 so that theO. 2 u. m-thick 
p-type GaN layer 214 has the hexagonal crystal struc- 
ture. Further, 2000A-thtck silicon oxide stripe masks 2 1 5 
are arranged on the 0.2 u m-thick p-type GaN layer 214 
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so mat a longitudinal direction of the 2000A-thick silicon 
oxide strips masks 215 epamDelto the [iMOX)]o^ection 
of the hexagonal crystal structure. The 2000Mhck sil- 
icon oxide stripe masks 215 defines a stripe-shaped 
openrig with a width of 5 \i m. A 0.3 u, m-trtrck p~type 
GaN contact layer 111 doped with Mg is selectively 
grown by the metal organic chemical vapor deposition 
using the 2000 A-thick silicon oxide stripe masks 21 5 on 
the stripe-shaped opening of the 2000A-thick silicon ox- 
ide stripe masks 21 5 over the 0.2 u, m-thick p-type GaN 
layer 214 and also on parts adjacent to the stripe- 
shaped opening of the 2000A-thick silicon oxide stripe 
masks 215. The 0.3fi m-thick p-type GaN contact layer 
111 has a ridge-shape in cross sectional view and also 
has sloped and highly flat side waits. The 0.3 u nvthick 
p-type GaN contact layer 11 1 has the hexagonal crystal 
structure. The nickel layer is formed on the top surface 
and the sloped and highly flat side walls of the 0.3 p m- 
thick p-type GaN contact layer 111 as well as parts of 
the 200QA-thick sflicon oxide stripe masks 215. A gold 
layer is then formed on the nickel layer thereby forming 
the p-etectrode 112. A titanium layer is formed on the 3 
u m-thick n-type GaN contact layer 103 and an alumi- 
num layer is then formed on the titanium layer. 

Since the 2000A-thick silicon oxide stripe masks 
21 5 and the ridge-shaped 0.3p m-thick p-type GaN con- 
tact layer 1 1 1 serve tor current confinement. This current 
confinement allows a reduction in threshold current of 
the laser diode. 

Since, further, the p-etectrode 1 12 has a targe con- 
tact area with the 0.3 u m-thick p-type GaN contact layer 
111, a contact resistance between the p-eledrode 112 
and the 0.3 u> m-thick p-type GaN contact layer 11 1 is 
smaB. 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess. 

Moreover, the multiple quantum weQ active layer 
107 is formed on the Hat surface. This results in no pos- 
sibility of compositional modification or no variation in 
composition over position of the active layer. 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (0001 Hace of the gallium ni- 
tride layer, then a growth rate of gallium nitride in the 
(1 1 -20] direction is almost the same as that in the [0001 ] 
direction. 

Namely, the p-type gallium nitride contact layer 111 
having the hexagonal structure are selectively grown on 
the (0001 Hace ol the p-type gallium nitride layer 214 
having the hexagonal crystal structure by use of the di- 
electric stripe masks arranged in a longitudinal direction 
along the [1-1 00] direction so that the p-type gatSum ni- 
tride contact layer 111 has extending portions over the 
dielectric stripe masks. This leads to a large contact ar- 
ea between the p-type gallium nitride contact layer 111 
and the p-electrode 1 12 thereby reduction in contact re- 
sts tanc between the p-type gallium nitride contact layer 



111 and the p-etectrode 112. 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide is formed 
in a direction along the [MOO] direction of the crystal 
£ structure. It is possible to cleave the semiconductor wa- 
fer in the (1-1 00] direction. This means it possible to form 
the reflective faces of resonator in the laser diode by the 
cleaving method. 

Moreover, the p-type gallium nitride contact layer 
J0 111 are positioned between (he 2000A-thick silicon ox- 
ide stripe masks 21 5 so that an optical control in the 
transverse mode can be made. 

As a modification, the optical waveguide may be 
formed in a direction tilted from the [1-100] direction of 
75 the crystal structure by an angle in the range of±5 de- 
grees. Even if the optical waveguide is formed in a Di- 
rection tilted from the (1-100] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
there is no further problem to a reduction in contact area 
so between (he p-efectrode and the contact layer. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (M-20)-face of the sapphire substrate, it 
is also possible to grow the semiconductor layers having 
25 the hexagonal crystal structure on the {0001 Hace of the 
sapphire substrate. 

Further, in place of the (0001) -lace sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 
oxide substrates with the (0001 Hace orthe (1 1 -20)-face 
are avaSable. Furthermore, MgAfe0 4 substrates with 
the (0001) -face or the (t 1-20) -(ace are also available. 
Gallium nitride substrates with the (0001 Hace or the 
(1 l-20)-face are still further available. The sapphire sub- 
strate, silicon oxide substrate, MgAfe0 4 substrate, and 
gallium nitride substrate having other faces than the 
(0001 )-face or the (H-20)-lace are also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 
electrode, martial of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stripe masks. 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (0001 Hace. 
the surfaces of the individual semiconductor layers may 
be tilted from the (0001 }-face by an angle in the range 
of ±5 degrees. 

SO FOURTH EMBODIMENT: 

A fourth embodiment according to the present in- 
vention will be described with reference to FIGS. 9 and 
10. FIG 9 is a fragmentary cross sectional elevation 
55 view illustrative of a novel gallium nitride based com- 
pound semiconductor laser having a current block layer 
structure for a current confinement in a fourth embodi- 
ment according to the present rwention. FIG. 10 is a 
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fragmentary cross sectional elevation view illustrative of 
a novel gallium nitride based compound semiconductor 
laser in a selective growth process by a metal organic 
chemical vapor deposition method involved h a fabrica- 
tion method thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (OOOI)-face sapphire 
substrate 101 . AD of compound semiconductor layers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture ot the novel gallium nitride based compound sem- 
iconductor laser is as fouows. A 300A-thick undoped 
GaN buffer layer 102 is provided on a (OOOlHace sap- 
phire substrate 1 0 1 . The 300A-thick undoped GaN buff- 
er layer 102 has a hexagonal crystal structure. A3um- 
(htck n-type GaN contact layer 1 03 doped with Si Is pro- 
vided on an entire surface of the 300A-thick undoped 
GaN buffer layer 1 02. The 3 p n>thick n-type GaN con- 
tact layer 103 has a hexagonal crystal structure. The 3 
u, m-thick n-type GaN contact layer 103 has a ridged 
portion and recess portions. A top surface of the ridged 
portion of the 3 u> m-thick n-type GaN contact layer 103 
is a Rat surface. Upper surfaces of the recess portions 
of the 3 u m-thick n-type GaN contact layer 1 03 are also 
flat surfaces. A 0.1 u m-thick n-type IrvosGao.gsN layer 
104 doped with Si is provided on the top flat surface of 
the ridged portion of the 3 u m-thick n-type GaN contact 
layer 103. The 0.1 u m-thick n-type InocsGa^gjN layer 
104 is capable of preventing crack in the compound 
semiconductor. A 0.4 u m-thick n-type AI^Oa^N 
cladding layer 105 doped with Si is provided on the 0. 1 
|i m-thick n-type InaojGao^N layer 104. The 0.4 u m- 
thick n-type AlooTGao^N cladding layer 105 has the 
hexagonal crystal structure. A0.1 ji m-thick rvtype GaN 
optical guide layer 106 doped with Si is provided on the 
0.4 u, m-thtck n-type A^yGe^ W N cladding layer 105. 
The 0.1 \l m-thick n-type GaN optical guide layer 106 
has the hexagonal crystal structure. A multiple quantum 
well active layer 107 is provided on the 0.1 \i m-thick n- 
type GaN optical guide layer 106. The multiple quantum 
weO active layer 1 07 comprises 7 periods of alternating 
25A-lhtck undoped ln0.2Ga0.8N quantum well layers 
and 50A-thick undoped Iho^Gao^N barrier layers. 
The 25 A-thick undoped Irv^GaojN quantum well lay- 
ers have the hexagonal crystal structure. The 50A-thick 
undoped Ino.os^^N barrier layers have the hexago- 
nal crystal structura A 200A-thick p-type A\, jGa^N 
layer 108 doped with Mg is provided on the mutuple 
quantum well active layer 107. The 200AHhck p-type 
Al 0 2 Ga 0 ^N layer 108 has (he hexagonal crystal struc- 
tura A 0.1 u m-thick p-type GaN optical guide layer 109 
doped with Mg is provided on the 20QA-thick p-type 
^o^ojb!^ la y 0r lQ S- T** 0.1 u m-thickp-type GaN op- 
ticalguide layer 109 has the hexagonal crystal structura 
A 0.4 u, m-thick p-type AfoyGao^jN cladding layer 110 
doped with Mg is provided on the 0.1 u m-thick p-type 
GaN optical guide layer 109. The 0.4 u m-thick p-type 
A bii7 Ga a93 N cladding layer 110 has the hexagonal 
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crystal structura A 0.2 u m-thick p-type GaN layer 214 
doped with Mg is provided on the 0.4 u> m-thick p-type 
AWGaasjN cladding layer HO. The 0.2 u m-thick p- 
type GaN layer 214 has the hexagonal crystal structure. 
Further. 0.5 u. m-thick n-type GaN current block layers 
31 5 doped with Si are selectively provided on the 0.2 u. 
m-thick p-type GaN layer 214. The 0.5p m-thick n-type 
GaN current block layers 315 also have the hexagonal 
crystal structure. As wilt be described later, the 0.5 u m- 
thick n-type GaN current block layers 31 5 are formed by 
a selective growth oi a metal organic chemical vapor 
deposition method using dielectric stripe masks, for 
which reason the 0.5 u> m-thick n-type GaN current block 
layers 3i 5 have highly flat and sloped inside walls. It is 
important that the 0.5 u m-thick n-type GaN current 
block layers 315 having the hexagonal crystal structure 
are selectively grown by the metal organic chemical va- 
por deposition method using dielectric stripe masks on 
the 0.2 u m-thick p-type GaN layer 214 having the hex- 
agonal crystal structure. This results in the (ormation of 
the highly flat and sloped inside walls of the 0.5 u m- 
thick n-type GaN current block layers 315. The highly 
flat and sloped inside walls oi the 0.5 u m-thick n-type 
GaN current block layers 31 5 causB current confine- 
ment as will be described later. A 0.3 u m-thick p-type 
GaN contact layer in doped with Mg is provided over 
the 0.2 \i m-thick p-type GaN layer 214 as well as the 
highly flat and sloped inside walls and the top surfaces 
of the 0.5 p. m-thick n-type GaN current block layers 31 5. 
A top surface of the 0.3 u m-thick p-type GaN contact 
layer 111 is flat. The 0.3 u m-thick p-type GaN contact 
layer 111 has the hexagonal crystal structure. Ap-efec- 
trode 112 is provided which extends on the 0.3 unvthick 
p-type GaN contact layer 1 1 1 . The p-electrode 1 12 com- 
prises a nickel layer laminated on the top flat surface of 
the 0.3 u m-thtck p-type GaN contact layer 111 and a 
gold layer laminated on the nickel layer. An n -electrode 
113 is provided on the recessed surface of the 3 p m- 
Ihick n-type GaN contact layer 103. The n-electrode 113 
comprises a titanium layer laminated on the 3 u m-thick 
n-type GaN contact layer 103 and an aluminum layer 
laminated on the titanium layer. 

As described above, since the 0.5 u m-thick n-type 
GaN current block layers 315 have an opposite conduc- 
tivity type to that of the 0.2 u. m-thick p-type GaN layer 
2 14 and the 0.3 u m-thick p-type GaN contact layer 111. 
then the 0.5 u m thick n-type GaN current block layers 
3 1 5 are capable of blocking or guiding a current for cur- 
rent convenient. This current confinement allows a re- 
duction in threshold current of the laser diode. 

The above laser diode is famed as follows. The 
300A-thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
low temperature on the flat (OOOlHace sapphire sub- 
strate 101 so thai the 300A -thick undoped GaN buffer 
layer 102 has a hexagonal crystal strjctura The 3 u m- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organs chemical vapor deposition 
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method on an entire surface of the 300A -thick undoped 
GaN buffer layer 102 so thai the 3 p m-thick n-type GaN 
contact layer 103 has a hexagonal crystal structure. 

The 0.1 p m-thick n-type tno.os<5aa9sN layer 104 
doped with Si ts grown by the metal organic chemical 
vapor deposition on the top surface of the ridged portion 
of the 3 p m -thick n-type GaN contact tayer 103 so that 
the 0.1 p nvthick n-type InaosGaossN tayer 104 has a 
hexagonal crystal structure. The 0.4 u m-thick n-type 
%07Gao.$>N cladding layer 105 doped with Si is grown 
by the metal organic chemical vapor deposition on the 
0. 1 u m-thick n-type ogGa^N bye/ 1 04 so that the 
0.4 u. m-thick n-type A^oTGao^N cladding layer 105 
has the hexagonal crystal structure. The 0.1 p m-thick 
n-type GaN optical guide layer 108 doped with Si is 
grown by the metal organic chemical vapor deposition 
on the 0.4 p m-thick n-type AloojGao >33 N cladding layer 
105 so that the 0. 1 u m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 
tiple quantum well active layer 107 is grown by the metal 
organic chemical vapor deposition on the 0. 1 p m-thick 
n-type GaN optical guide layer 106, wherein the multiple 
quantum weD active layer 107 comprises 7 periods of 
alternating 25A-thick undoped In^Ga^N quantum 
well layers and 50A-thick undoped Iho osGdo^N barrier 
layers. The 25A-thick undoped Ino^Gao^N quantum 
well layers and the 50A-thick undoped trto ^Ga^N 
barrier layers have the hexagonal crystal structure. 

The 200A-thick p-type Al^a^N layer 108 doped 
with Mg is grown by the metal organic chemical vapor 
deposition on the mulupte quantum weD active layer 107 
so that the 200A-thick p-type AI^Gao a N layer 108 has 
the hexagonal crystal structure. The 200A-lhick p-type 
AI CL2 Ga 0 6 N layer 108 is capable of preventing dissoci- 
ation of indium from the multiple quantum well active lay- 
er 107. The 0.1 p m-thick p-type GaN optical guide layer 
109 doped with Mg is grown by the metal organic chem- 
leal vapor deposition on the 200A-thtck p-type 
AtaGaceN feyer 108 so that the 0.1 u m-thick p-type 
GaN optical guide layer 109 has the hexagonal crystal 
structure. The 0.4 p. m-thick p-type A^oyGao ^N dad- 
oing layer 110 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the 0. 1 p m-thick p- 
type GaN optical guide tayer 109 so that the 0.4 p m- 
thick p-type A^otC^N cladding layer 110 has the 
hexagonal crystal structure. The 0.2 u m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 p m-thick p-type 
^.Q7G%93N cladding layer 110 so that the0.2p m-thick 
p-type GaN layer 214 has the hexagonal crystal struc- 
ture. Further. 2000A-thick silicon oxide stripe masks 21 5 
are arranged on the 0.2 u m-thick p-type GaN layer 214 
so that a longitudinal direction of the 2OO0tA-thick silicon 
oxide stripe masks 21 5 is parallel to the [11 -20] direction 
of the hexagonal crystal structure. The 2000A-thick sfl- 
tcon oxide stripe masks 215 defines a stripe-shaped 
opemng and has a width of 5p m. 0.5 p m-thick n-type 
GaN current block layers 315 doped with Si are selec- 
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th/ety grown by the metal organic chemical vapor depo- 
sition on the 0.2 u m-thick p-type GaN tayer 214 so that 
the 0.5 p m-thick n-type GaN current block layers 315 
also have the hexagonal crystal structure. The 0.5 p m- 
thick n-type GaN current block layers 315 are grown by 
a selective growth of a metal organic chemical vapor 
deposition method using dielectric stripe masks, lor 
which reason the 0.5 p m-thick n-type GaN current block 
layers 315 have nighty flat and sloped inside waits. It is 
important that the 0.5 p nvthick n-type GaN current 
block layers 31 5 having the hexagonal crystal structure 
are selectively grown by the metal organic chemical va- 
por deposition method using dielectric stripe masks on 
the 0.2 ji m-thick p-type GaN layer 214 having the hex- 
agonal crystal structure. This results in the formation of 
the highly flat and sloped inside watts of the 0.5 p m- 
thick n-type GaN current block layers 315. The highly 
flat and sloped inside waits of the 0.5 p m-thick n-type 
GaN current block layers 315 cause current confine- • 
ment. A 0.3 p m-thick p-type GaN contact layer 111 
doped with Mg is grown by the metal organic chemical 
vapor deposition method over the 0.2 p rrHhick p-type 
GaN layer 214as well as the highly fiat and sloped inside 
walls and the top surfaces of the 0.5 p m-thick n-type 
GaN current block layers 315 so that a top surface of 
the 0.3 p m-thick p-type GaN contact layer 111 is flat 
and the 0.3 p nvthick p-type GaN contact layer 111 has 
the hexagonal crystal structure. A nickel layer is lami- 
nated on the top Hat surface of the 0.3 p m-thick p-type 
GaN contact layer 111 and a gold layer is laminated on 
the nickel layer thereby forming the p-electrode 112. A 
titanium layer is laminated on the 3p m-thick n-type GaN 
contact tayer 103 and an aluminum layer is laminated 
on the titanium tayer thereby forming the n-electrode 
113. 

Since the 0.5 p m-thick n-type GaN current block 
layers 315 have an opposite conductivity type to that of 
the 0.2 p m-thick p-type GaN layer 21 4 and the 0.3 p m- 
thick p-type GaN contact layer 111, then the 0.5 p m- 
thick n-type GaN current block layers 315 are capable 
of blocking or guiding a current for current confinement. 
This current confinement allows a reduction in threshold 
current of the laser diode. 

Since, further, the p-electrode 112 has a large con- 
tact area with the 0.311 m-thick p-type GaN contact lay- 
er 1 1 1 . a contact resistance between the p-electrode 1 1 2 
and the 0.3 p m-thick p-type GaN contact layer ill is 
small- ■ 

Furthermore, the above current confinement struc- 
ture can be formed without use of the dry etching proc- 
ess. 

Moreover, the multiple quantum well active tayer 
107 is formed on the flat surface. This results h nopos- 
sibifity of compositional modification or no variation in 
composition over position of the active layer. 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (0001 )-face of the gallium ni* 
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trite fayer, then the gallium nitride based compound 
semiconductor layers are almost not grown in the 
(1-100} direction. 

Namely, the 0.5 u m-thick n-type GaN current block 
layers 31 5 having the hexagonal structure are selective- 
ly grown on the (0001 Hace of the 0.2 u m-thick p-type 
GaN layer 214 having the hexagonal crystal structure 
by use of the dielectric stripe masks arranged in a lon- 
gitudinal Direction along the |1 1 -20] direction so that no 
extending portion over the dielectric stripe masks is 
formed. 

In the above gallium nitride based compound sem- 
iconductor laser diode, an optical waveguide is formed 
in a direction along the [11*20] direction of the crystal 
structure. It is difficult to cleave the semiconductor wale; 
in the [1 1 -20] direction. This means il difficult to form (he 
reflective faces of resonator in the laser diode by the 
cleaving method. For this reason, it is necessary to form 
the reflective faces of resonator in the laser diode by 
other method such as dry etching. 

Since the gallium nitride based compound semicon- 
ductor layers having the hexagonal crystal structure are 
selectively formed on the (OOOl)-face of the gallium ni- 
tride layer, then a growth rate of gallium nitride in the 
[11-20] direction is almost the same as that In the [0001 ] 
direction. 

As a modification, the optical waveguide may be 
formed in a direction litted from the |ll-20] direction ol 
the crystal structure by an angle in the range of±5 de- 
grees. Even if the optical waveguide is formed in a di- 
rection toted from the [11-20] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
there is no problem unless the semiconductor layer is 
allowed to be selectively grown in the f 11 -20] direction. 
In the later case, however, it is necessary that the die- 
lectric strip masks are almost the same in thickness as 
the current block layers. 

Whereas in the above embodiment the semicon- 
ductor tayers having the hexagonal crystal structure are 
grown on the (OOOIHace of the sapphire substrate, it is 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (li-20)-face of 
the sapphire substrate. 

Further, in place of the (OOOI)-face sapphire sub- 
strate and the (1l-20)-face sapphire substrate, silicon 
oxide substrates with the (0001 )-face or the (11 -20)-tace 
are available. Furthermore, MgAl^ substrates with 
the (OOOl)-face or the (ll-20Hace are also available. 
Gallium nitride substrates with the (OOOi)-face or the 
(11 -20)-faceare sun further available. The sapphire sub- 
strate, silicon oxide substrate. MgAlgO* substrate, and 
gallium nitride substrate having other faces than the 
(0001 Hace or the (1 1 -20)-iace are also available. 

The above present invention can be applied not on- 
ly to the gallium nrxrida based laser diode as illustrated 
in the drawings but also other gallium nitride based laser 
cSodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 



electrode, mania! of dielectric stripe masks, depth of dry 
etching, and width of stripe of thedielectric stripe masks. 

Although in the above embodiment. Die individual 
semiconductor layers have surfaces of the (OOOI)-face, 
the surfaces of the individual semiconductor layers may 
be tilted from the (OOOIHace by an angle in the range 
of ±5 degrees. 

FIFTH EMBODIMENT: 



to 



20 



2$ 



30 



40 



4$ 



SO 



55 



A fifth embodiment according to the present inven- 
tion w3l be described with reference to FIGS. 11 and 12. 
FIG. 1 1 is a f ragmemary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture tor a current conlinement in a fifth embodiment ac- 
cording to the present invention. FIG. 12 is a fragmen- 
tary cross sectional elevation view illustrative of a novel 
gallium nitride based compound semiconductor laser in 
a selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
od thereof. 

The novel gafiium nitride based compound semi- 
conductor laser is formed on a (OOOI)-face sapphire 
substrate 101 . All of compound semiconductor tayers in 
the novel gallium nitride based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture of the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 30QA-thick undoped 
GaN buffer layer 102 is provided on a (0001)-tace sap- 
phire substrate 101. 

The 300A-thick undoped GaN buffer layer 102 has 
a hexagonal crystal structure. A 3 u m-thick n-type GaN 
contact layer 1 03 doped with Si is provided on an entire 
surface of the 300A-thick undoped GaN buffer layer 
102. The 3 u m-thick n-type GaN contact layer 1 03 has 
a hexagonal crystal structure. The 3 u, m-thick rHype 
GaN contact layer 103 has a ridged portion and recess 
portions. A top surface of the ridged portion of the 3 u. 
m-thick n-type GaN contact layer 103 is a flat surface. 
Upper surfaces of the recess portions of the 3 u m-thick 
n-type GaN contact layer 103 are also flat surfaces. A 
0. 1 u m-thick n-type Ify cgGa,, ggN layer 104 doped with 
Si is provided on the top flat surface of the ridged portion 
of the 3 u m-thick n type GaN contact layer 1 03. The 0. 1 
u m-thick n-type ln 0j05 Gao.95N layer 104 is capable of 
preventing crack in the compound semiconductor. A 0.4 
u m-thick n-type ALo^a^N cladding layer 105 
doped with Si is provided on the 0.1 u, m-lhick n-type 
lnO.05GaO.95N layer 104. The 0,4 u m-thick n-type 
%07Gao.»N cladding layer 105 has the hexagonal 
crystal structure. A 0.1 u m-thick n-type GaN optical 
guide layer 106 doped with Si is provided on the 0.4 u 
m-thick n-type M qi o7& 0 .mN cladding layer 105. TheO.l 
a m-thick n-type GaN optica) guide tayer 106 has the 
hexagonal crystal structure. A multiple quantum well ac- 
tive layer 107 Is provided on the 0.1 u m-thick n-type 
GaN optical guide layer 106. The multiple quantum well 
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active layer 107 comprises 7 periods of alternating 25A- 
thick undoped InajGa^N quantum well layers and 
5QA-thick undoped In^sQao^N barrier layers. The 25 
A -thick undoped ln a2 Ga 0<5 N quantum well layers have 
the hexagonal crystaJ structure. The 50A-thick undoped 
Irto ojGa^gjN barrier layers have the hexagonal crystal 
structure. A 20QA-thick p-type AI^G^qN tayer 108 
doped with Mg is provided on the multiple quantum weO 
active layer 107. The 200A-thick p-type A^Ga^ lay- 
er 108 has the hexagonal crystal structure. A 0.1 p m- 
thick p-type GaN optical guide layer 1 09 doped wfth Mg 
is provided on the 200A-lhick p-type A^Gc^ 8 N tayer 
108. The O.t u m- thick p-type GaN optical guide tayer 
1 09 has the hexagonal crystal structure. A 0.4 u m-thick 
p-type At^Ga^gaN cladding layer 110 doped with Mg 
is provided on the 0. 1 p m-thick p-type GaN optical guide 
byer 109. The 0.4 u m-thick p-type Ay^^N clad- 
ding layer 1 1 0 has the hexagonal crystal structure. A 0.2 
u m-thick p-type GaN layer 21 4 doped with Mg is pro- 
vided on the 0.4 u m-thick p-type A^tOs^N ctadcfing 
layer 110. The 0.2 u m-thick p-type GaN layer 214 has 
the hexagonal crystal structure. The above laminations 
of the 0. 1 u m-thick n-type In^GaogsN layer 104. the 
0.4 u m-thick n-type AIoc-tG^ sjN cladding layer 105, 
the 0.1 p m-thick n-type GaN optica! guide layer 106, 
the multiple quantum well active layer 107, the 200A- 
thick p-type AIo^Ga^ layer 108. the 0.1 u m-thick p- 
rype GaN optical guide tayer 109, the 0,4 u m-thick p- 
type AlooTGa^aN cladding layer 110 and the 0.2 u m- 
thfck p-type GaN layer 214 are in the form of a ridge. 
Further, GaN current block layer structures are provided 
on side waits of the ridge of the above laminations and 
over the 3 u m-thick n-type GaN contact tayer 1 03. Each 
of the GaN current block tayer structures comprise lam- 
inations of a 0.5 p m-thick n-type GaN current block lay- 
er 3 1 5 doped with Si, a 0.5 u m-thick p-type GaN current 
bkxk layer 1 14 doped with Mg on the 0.5 u m-lhick n- 
type GaN current block layers 315 and a 0.5 u m-thick 
n-type GaN current block layer 315 doped with Si on the 
0.5 u m-thick p-type GaN current block layer 114. The 
0.5 um-thick n-type GaN current block layers 31 5 doped 
with Si are selectively provided on the side walls of the 
ridge of the above laminations of the layers and also 
ever the 3p m-thick n-type GaN contact layer 103 The 
0.5 u m-thick n-type GaN current block layers 31 5 also 
have the hexagonal crystal structure. As will be de- 
scribed later, the 0.5 p m-thick n-type GaN current bkxk 
layers 315 are grown by a selective growth of a metal 
organic chemical vapor deposition method using dielec- 
tric stripe masks arranged on a top of the ridge of the 
above laminations of the layers. It is important that the 
0.5 u m-thick n-type GaN current block layers 315 hav- 
ing the hexagonal crystal structure are selectively grown 
by the metal organic chemical vapor deposition method 
using dielectric stripe masks on the side waits of (he 
ridge of the above laminations of the layers having the 
hexagonal crystal structure and also over the 3 p m -th ick 
n-type GaN contact tayer 103 having the hexagonal 
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crystal structure. Subsequently, the 0.5 u m-thick p-type 
GaN current block layers 114 doped with Mg are also 
grown on the 0.5 u m-thick n-type GaN current block 
layers 315 by the selective growth of the metai organic 
chemical vapor deposition method using dielectric stripe 
masks arranged on a top of the ridge of the above lam- 
inations of the layers, it is also important that the 0.5 u 
m-thrck p-type GaN current bkxk layers 114 having the 
hexagonal crystal structure are selectively grown on the 
0.5 u m-thick n-typs GaN current block layers 315 hav- 
ing the hexagonal crystal structure by the metal organic 
chemical vapor deposition method using dielectric stripe 
masks. Then, the 0.5 u m-thick n-type GaN current block 
layers 31 5 are grown by the selective growth of the met- 
al organic chemical vapor deposition method using die- 
lectric stripe masks arranged on the top of the ridge of 
the above laminations of the layers, it is also important 
that the 0.5 p m-lhtck n-type GaN current block layers 
315 having the hexagonal crystal structure are selec- 
tively grown on the 0.5 p m-thick p-type GaN current 
block layers 114 having the hexagonal crystal structure 
by the metal organic chemical vapor deposition method 
using dielectric stripe masks. Top surfaces of the upper 
0.5 u m-lhick n-type GaN current block layers 315 have 
the same level as a top surface of the 0.2 u m-thick p- 
type GaN layer 214 or the lop of the ridge of the above 
laminations of layer. The current block layer structures 
of laminations of the 0.5 p m-lhick n-type GaN current 
block layers 315. the 0.2u m-thick p-type GaN tayer 214 
and the 0.5 u m-thick n-type GaN current block layers 
31 5 cause current confinement as will be described lat- 
er. A 0.2 p. m-thick p-type GaN contact layer 111 doped 
with Mg is provided over the 0.2 u m-lhick p-type GaN 
layer 214 as weB as the top surfaces of the upper 0.5 p 
m-thfek n-type GaN current block layers 315. Atop sur- 
face of the 0.2 p m-lhick p-type GaN contact layer in 
is Rat. The 0.2 p m-thick p-type GaN contact byer 111 
has the hexagonal crystal structure. A p-electrode 112 
is provided which extends on the 0.2 u m-lhick p-type 
GaN contact layer 111. The p-etectrode 112 comprises 
a nickel tayer laminated on the top flat surface of the 0.2 
p m-thick p-type GaN contact layer 1 1 1 and a gold layer 
laminated on the nickel layer. An n-electrode 1 1 3 is pro- 
vided on the recessed surface ol the 3p m-thick n-type 
GaN contact layer 103. The n-electrode 113 comprises 
a titanium layer laminated on the 3 u m-thick n-type GaN 
contact layer 103 and an aluminum layer laminated on 
the titanium tayer. 

As described above, since the 0.5 u m-thick n-type 
GaN current block layers 31 5 have an opposite conduc- 
tivity type to that ol the 0.2 p m-thick p-type GaN layer 
2l4andthe0.2p m-thick p-type GaN contact layer 111, 
then the 0.5 p m-thick n-type GaN current bkxk layers 
31 5 are capable of blocking or guiding a current for cur- 
rent confinement This current confinement allows a re- 
duction in threshold current of the laser diode. 

The above laser diode is formed as follows. The 
300A- thick undoped GaN buffer tayer 102 is grown by 
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a metal organic chemical vapor deposition method a! a 
tow temperature on the flat (000l)-face sapphire sub- 
strate 101 so that the 300A-thick undoped GaN buffer 
layer 102 has a hexagonaJ crystal structure. The 3 p m- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the 300A-lhtck undoped 
GaN buffer layer 1 02 so that the 3 p nvlhick n-type GaN 
contact layer 103 has a hexagonal crystal structure. The 
0.1 p rrvthick n-type lnO.05GaO.9SN layer 104 doped 
with Si is grown by the metal organic chemical vapor 
deposition on the top surface of the ridged portion of (he 
3 u m-thick n-type GaN contact layer 1 03 so that the 0. 1 
p m-thick n-type ln0.05Ga0.95N layer 104 has a hexag- 
onal crystal structure. The 0.4 p nvlhick n-type 
AWGaoW cladding layer 105 doped with Si is grown 
by the metal organic chemical vapor deposition on the 
0.1 p m-thick n-type Ino ogGa,, ^N layer 104 so that the 
0.4 p m-thick n-type A^otC^N cladding layer 105 
has the hexagonal crystal structure. The 0,1 u m-thick 
n-type GaN optica! guide layer 106 doped with Si Is 
grown by the metal organic chemical vapor deposition 
on theO,4 p m-thick n-type A^/Sa^N dadoing layer 
105 so that the 0.1 p m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 
tiple quantum well active layer 107 is grown by the metal 
organic chemical vapor deposition on the 0. 1 p m-thick 
n-type GaN optical guide layer 106. wherein the multiple 
quantum well active layer 107 comprises 7 periods of 
alternating 25A-lhick undoped In^Ga^N quantum 
weB layers and 50A-thick undoped lrvo.05Gao.95N barrier 
layers. The 25A-thick undoped (r^Ga^N quantum 
weB layers and the 50A-thtck undoped lh 005 Gao. g5 N 
barrier layers have the hexagonal crystal structure. 

The 200A-thtck p-type AfajGaojN layer 1 08 doped 
with Mg is grown by the metal organic chemical vapor 
deposition on the multiple quantum well active layer 107 
so that the 200A-thick p-type AI^Ga^ layer 1 08 has 
the hexagonal crystal structure. The 200A-thick p-type 
AId^G^o^N layer 108 is capable of preventing dissoci- 
ation of indium from the multiple quantum well active lay- 
er 107. The 0. 1 p m-thick p-type GaN optical guide layer 
109 doped with Mg is grown by the metal organic chem- 
ical vapor deposition on the 200A-thick p-type 
A lo 2 Ga o.8 N ty" 108 so that the 0.1 p m-thick p-type 
GaN optical guide layer 109 has the hexagonal crystal 
structure. The 0.4 p m-thick p-type Al^/Sa^N clad- 
ding layer 110 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the 0. 1 p. m-thick p- 
type GaN optical guide layer 109 so that the 0.4 p m- 
tfuck p-type AioQ^Ga^ggN cladding layer 110 has the 
hexagonal crystal structure. The 0.2 p m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 u m-thick p-type 
AterGaosaN dadoing layer 1 1 0 so that the0.2 p m-thick 
p-type GaN layer 214 has the hexagonal crystal struc- 
ture. Further. 2000A-thk:k silicon oxide stripe masks 2 1 5 
are arranged on the 0.2 p m-thick p-type GaN layer 214 
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so that a longitudinal direction of the 2000JUhick silicon 
oxide stnpe mas ks 21 5 is parallel to the [11 -20] direction 
of the hexagonal crystal structure. The 2000A-thick sil- 
icon oxide strips masks 215 defines a stripe-shaped 
opening and has a width of 1 p m. A reactive ion etching 
is carried out to selectively remove the above lamina- 
tions of theO. 1 p m-thick n-type (no o$Gao.g$N layer 104, 
the 0.4 p m-thick n-type AlfcojGao^N dadcfing layer 

105, the 0.1 p m-thick n-type GaN optical guide layer 

106, the multiple quantum well active layer 107, the 
200A-lhick p-type AI^Ga^ layer 108, the 0.1 p n> 
thick p-type GaN optical guide layer 109, the 0.4 p m- 
thick p-type A^Ga^N cladding layer 110and the0.2 
p m-thick p-type GaN layer 21 4 and further the 3 p m- 
thick n-type GaN contact layer 1 03. As a result the ridge 
is formed which comprises the above semiconductor 
layers having the hexagonaJ crystal structure. Further, 
GaN current block layer structures are formed on side 
walls of the ridge of the above laminations and over the 
3 p m-thick n-type GaN contact layer 103. The 0.5 p m- 
thtck n-type GaN current block layers 31 5 doped with Si 
are selectively grown on the side waits 0/ the ridge of 
the above laminations of the layers and also over the 3 
p m-thick n-type GaN contact layer 103 by the metal or- 
ganic chemical vapor deposition method using the 
above 2000A-lhick silicon oxide stripe masks 215 so 
that the 0.5 p m-thick n-type GaN current block layers 
315 also have Ihe hexagonaJ crystal structure. It is im- 
portant that the 0.5 p m-thick n-iype GaN current block 
layers 315 having the hexagonal crystal structure are 
selectively grown by the metal organic chemical vapor 
deposition method using dielectric stripe masks on the 
side waBs of the ridge of the above tarninations of the 
layers having the hexagonal crystal structure and also 
over the 3 p m-thick n-type GaN contact layer 103 hav- 
ing the hexagonal crystal structure. Subsequently, the 
0.5 p m-thick p-type GaN cunent block layers 1 1 4 doped 
with Mg are also grown on the 0. 5 p m-thick n-type GaN 
current block layers 315 by the selective growth of the 
metal organic chemical vapor deposition method using 
dielectric stripe masks arranged on the top of the ridge 
of the above laminations of the layers. It is also important 
that the 0.5 p m-thick p-type GaN current block layers 
114 having the hexagonal crystal structure are selec- 
tively grown on the 0.5 p m-thick n-type GaN current 
block layers 31 5 having the hexagonal crystal structure 
by the metal organic chemical vapor deposition method 
using dielectric strips masks. Then, the 0.5 p m-thick n- 
type GaN current block layers 315 are grown by the se- 
lective growth of the metal organic chemical vapor dep- 
osition method using dielectric stripe masks arranged 
on the top of the ridge of the above laminations of the 
layers. It is also important that the 0.5 p m-thick n-type 
GaN current block layers 315 having the hexagonal 
crystal structure are selectively grown on the 0.5 p n> 
thick p-type GaN current block layers 114 having the 
hexagonal crystal structure by the metal organic chem- 
ical vapor deposition method using dielectric stripe 
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masks. Top surfaces of the upper 0.5 u m-thick rnype 
GaN current block layers 31 5 have the same level as a 
top surface of the 0.2 u m-thick p-type GaN layer 21 4 or 
the top of the ridge of the above laminations of layer. 
The current block layer structures of laminations of the 
0.5 u m-thick n-type GaN current Week tayers 315, the 
0.2 u m-thick p-type GaN layer 214 and the 0.5 u nv 
thick n-type GaN current block tayers 31 5 cause current 
confinement. The used 2000A-thick silicon oxide stripe 
masks 215 are removed. A 0.3 u m-thick p-type GaN 
contact layer 111 doped with Mg is grown by the metal 
organic chemical vapor deposition method over the 0.2 
U m-thick p-type GaN layer 214 as well as the top sur- 
faces of the upper 0.5 p m-thick n-type GaN current 
block layers 315 so that a top surface of the 0.3 p nv 
thick p-type GaN contact layer 11 1 is flat and the 0.3 u 
m-thick p-type GaN contact layer 1 1 1 has the hexagonal 
crystal structure. A p-electrode 112 is provided which 
extends on the 0.3 u m-thick p-type GaN contact layer 
111. The p-electrode 112 comprises a nickel layer lam- 
inated on the top flat surface of the 0. 3 u m-thfck p-type 
GaN contact layer 1 1 1 and a gold layer laminated on the 
nickel layer. An n-electrode 113 is provided oh the re- 
cessed surface of the 3 u m-thick n-type GaN contact 
layer 1 03. The n-electrode 1 1 3 comprises a titanium lay- 
er laminated on the 3p m-thick n-type GaN contact layer 
103 and an aluminum layer laminated on the titanium 
layer. 

Since the 0.5 u m-thick n-type GaN current block 
layers 31 5 have an opposite conductivity type to that of 
the 0.2 u m-thick p-lype GaN layer 21 4 and the 0.2 u m- 
thick p-type GaN contact layer 111, then the 0.5 u m- 
thick n-type GaN current block layers 315 are capable 
of blocking or guiding a current for current confinement 
This current confinement allows a reduction in threshold 
current of the laser diode. 

Since, further, the p-electrode 112 has a large con- 
tact area with the 0 3 u m-thick p-type GaN contact layer 
111. a contact resistance between the p-electrode 112 
and the 0.3 u m-thick p-type GaN contact layer 111 is 
smafl. 

Furthermore, the above cunent confinement struc- 
ture can be formed without use of the dry etching proc- 
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semiconductor wafer in the (1-100J direction. This 
means it possible to form the reflective faces of resona- 
tor in the laser diode by the cleaving method. 

As a modification, the optical waveguide may be 
formed in a direction tilted from the (1 -100] direction of 
the crystal structure by an angle in the range of±5 de- 
grees. Even if the optical waveguide is formed in a di- 
rection tilted from the [MOO] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
it is difficult to cleave Ihe semiconductor wafer, for which 
reason the reflective faces of resonator in the laser di- 
ode are formed by other methods such as dry etchhg 
than the cleaving method. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 )-face of the sapphire substrate, it is 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (11-2)}-face ol 
the sapphire substrate. 

Further, in place of the (OOOI)-face sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 
oxide substrates with the (0001 )-tace or the (1 1 -20)-race 
are available. Furthermore. MgAfe0 4 substrates with 
the (0001 )-face or the <1l-20)-face are also available. 
Gallium nitride substrates with the (0001}-face or the 
< 1 1 -20Hace are still further available. The sapphire sub- 
strate, silicon oxide substrate, MgAip* substrate, and 
gallium nitride substrate having other faces than the 
(OOOt)-face or the (ll-20Haceare also available. 

The above present invention can be applied not on- 
ly to the gallium nitride based laser diode as illustrated 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 
electrode, mania! of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stripe masks. 

Although in the above embodiment, the individual 
semiconductor layers have surfaces of the (0001)-face. 
the surfaces of the individual semiconductor layers may 
be tilted from the (OOOI)-(ace by an angle in the range 
of ±5 degrees. 

SIXTH EMBODIMENT: 



Moreover, the multiple quantum well active layer 
107 is formed on the Rat surface. This results in no pos- 
sibly ol compositional modfication or no variation in 
composition over position of the active layer. 

Namely, the 0.5 p m-thick n-type GaN current block 
layers 31 5 having the hexagonal structure are selective- 
ly grown on the (0001 Hace of the 0.2 u m-thick p-type 
GaN layer 214 having the hexagonal crystal structure 
and tho Sum-thick n-type GaN contact layer 103 having 
the hexagonal crystal structure by use of the dielectric 
stripe masks arranged in a longitudinal direction along 
the [1-100] direction so that an optical waveguide is 
formed r a direction along the (1-100) direction of the 
crystal structure. It is. therefore, possible to cleave the 
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A sixth embodiment according to the present inven- 
tion will be described with reference to FIGS. 1 3 and 14. 
FIG. 1 3 is a fragmentary cross sectional elevation view 
illustrative of a novel gallium nitride based compound 
semiconductor laser having a current block layer struc- 
ture for a current confinement in a sixth embodiment ac- 
cording to the present invention. FIG. 14 is a Iragmen- 
tary cross sectional elevation view flfustrative of a novel 
gallium nitride based compound semiconductor laser in 
a selective growth process by a metal organic chemical 
vapor deposition method involved in a fabrication meth- 
od thereof. 

The novel gallium nitride based compound semi- 
conductor laser is formed on a (000 1 Hace sapphire 
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substrate 1 01 . Ail of compound semiconductor layers in 
the novel galfium nilrida based compound semiconduc- 
tor laser have hexagonal crystal structures. The struc- 
ture off the novel gallium nitride based compound sem- 
iconductor laser is as follows. A 300A-thtck undoped 
GaN buffer layer 102 is provided on a (OOOI)-tace sap- 
phire substrate 101. The 300A-lhick undoped GaN Dull- 
er layer 1 02 has a hexagonal crystal structure. A 3 u m- 
thick n-type GaN contact layer 103 doped with Si is pro- 
vided on an entire surface of the 300A-thick undoped 
GaN buffer layer 102. The 3 u m-thick rvtype GaN con- 
tact layer 103 has a hexagonal crystal structure. The 3 
u m-thick n-type GaN contact layer 103 has a ridged 
portion and recess portions. A top surface of the ridged 
portion of the 3 n m-thick n-type GaN contact layer 1 03 
is a flat surface. Upper surfaces of the recess portions 
of the 3 u m-thick rHype GaN contact layer 1 03 are also 
flat surfaces. A 0.1 u m-thick n-type Irio osCa^^N layer 
104 doped with Si is provided on the top flat surface of 
the ridged portion of the 3 u m-thick n-type GaN contact 
layer 103. The 0.1 p m-thick n-type In^Gao ^N layer 
104 is capable 01 preventing crack in the compound 
semiconductor. A 0.4 u m-thick n-type MqqjGAo^ 
dadoing layer 105 doped with Si is provided on the 0.1 
u m-thick n-type InQ ^sGao^N layer 104. The 0.4 u nv 
thick rHype A^tO^N cladding layer 105 has the 
hexagonal crystal structure. A 0. 1 u m-thick n-type GaN 
optical guide layer 106 doped with Si is provided on the 
0.4 u m-thick n-type AfeoTGa^N cladding layer 105. 
The 0. 1 u m-thick n-type GaN optical guide layer 106 
has the hexagonal crystal structure. A multiple quantum 
weO active layer 1 07 is provided on the 0. 1 u. m-thck n- 
type GaN optical guide layer 106. The multiple quantum 
wel active layer 107 comprises 7 periods ol alternating 
25A-thick undoped m^a^N quantum well layers and 
SOA-thtck undoped ln 0 .osGa^N barrier layers. The 25 
A-thick undoped Irtj, .gGa^N quantum well layers have 
the hexagonal crystal structure. The 50A-thick undoped 
Ino^GaojjN barrier layers have the hexagonal crystal 
structure. A 200A-thick p-type Alo^Ga^ layer 108 
doped with Mg is provided on the multiple quantum weQ 
active layer 107. The 200A-thick p-type A^jGa^N lay- 
er 108 has the hexagonal crystal structure. A 0.1 n m- 
thick p-type GaN optical guide layer 1 09 doped with Mg 
is provided on the 200A-thick p-type Al^Ga^ layer 
108. The 0.1 u m-thick p-type GaN optical guide layer 
109 has the hexagonal crystal structure. A0.4|i m-thick 
p-type A^Gao sjN cladding layer 110 doped with Mg 
is provided on the 0. 1 u m-thick p-type GaN optical guide 
layer 109. The 0.4 u m-thick p-type ALqqjGbqsJ* clad- 
ding layer 1 1 0 has the hexagonal crystal structure. A 0.2 
u m-thick p-type GaN layer 21 4 doped with Mg is pro- 
vided on the 0.4 u m-thick p-type A^oyC^ M N cladding 
layer 110. The 0.2 u rrvthick p-type GaN layer 214 has 
the hexagonal crystal structure. The 0.2 pm -thick p-type 
GaN layer 214 has a ridged portion and flat base por- 
tions. Fwthet. 0.5 u m-thick n-type GaN current block 
layers 31 5 doped with Si are selectively provided on the 
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side waOs of the ridged portion of the 0.2 u m-thick p- 
type GaN layer and also over the flat base portions of 
the 0.2 u m-thick p-type GaN layer 214. The 0.5 u> m- 
thick n-type GaN current b lock layers 31 5 also have the 
hexagonal crystal structure. As will be descrfoed later, 
the 0.5 u m-thtck n-type GaN current block layers 315 
are grown by a selective growth of a metal organic 
chemical vapor deposition method using dielectric stripe 
masks arranged on a top of the ridged portion of the 0.2 
u m-thick p-type GaN layer 214. It is important that the 
0.5 u m-thlck n-type GaN current block layers 315 hav- 
ing the hexagonal crystal structure are selectively grown 
by the metal organic chemical vapor deposition method 
using dielectric stripe masks on the side walls of the 
ridged portion of the 0.2 u m-thick p-type GaN layer 214 
and also over the flat base portions of the 0.2 u, m-thick 
p-type GaN layer 214 having the hexagonal crystal 
structure. Top surfaces of the 0.5 u m-thick n-type GaN 
current block layers 315 have the same level as a top 
surface of the 0.2 u m-thick p-type GaN layer 2 14. The 
current block layer structure ol the 0.5 u m-thich n-type 
GaN current block layers 315 cause current confine- 
ment as will be described later. A 0.3 u m-thick p-type 
GaN contact layer 111 doped with Mg is provided over 
the 0.2 u m-thick p-type GaN layer 214 as well as the 
top surfaces of the upper 0.5 u m-thick n-type GaN cur- 
rent block layers 315. A top surface of the 0.3 u m-thick 
p-type GaN contact layer m is flat. The 0.3 u m-thick 
p-type GaN contact layer 1 1 1 has the hexagonal crystal 
structure. A p-electroce 112 is provided which extends 
on the 0.3 \i m-ihick p-type GaN contact layer 1 11 . The 
p-etectrode 112 comprises a nickel layer laminated on 
the top flat surface of the 0.3 u m-thick p-type GaN con- 
tact layer 11 1 and a gold layer laminated on the nickel 
layer. An n -electrode 113 is provided on the recessed 
surface ol the 3 u m-thick n-type GaN contact layer 103. 
The n-etectrode 1 1 3 comprises a titanium layer laminat- 
ed on the 3 u m-thtck n-type GaN contact layer 103 and 
an aluminum layer laminated on the titanium layer. 

As described above, since the 0.5 u m-thick n-type 
GaN current block layers 31 5 have an opposite conduc- 
tivity type to that of (he 0.2 u m-thick p-type GaN tayer 
214 and the 0.3 u m-thick p-type GaN contact layer 111 . 
then the 0.5 u m-thick n-type GaN current block layers 
31 5 are capable of blocking or guiding a current for cur- 
rent confinement. This current confinement allows a re- 
duction in threshold current of the laser diode. 

The above laser diode is formed as follows. The 
300A : thick undoped GaN buffer layer 102 is grown by 
a metal organic chemical vapor deposition method at a 
low temperature on the flat (000 1) -face sapphire sub- 
strate 101 so that the 300A -thick undoped GaN buffer 
layer 102 has a hexagonal crystal structure. The 3 u m- 
thick n-type GaN contact layer 103 doped with Si is 
grown by a metal organic chemical vapor deposition 
method on an entire surface of the OOOA-thick undoped 
GaN buffer layer 102 so that the 3 u m-thick n-type GaN 
contact tayer 1 03 has a hexagonal crystal structure. The 
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0. 1 p m-thick n-type IrW^aagsN layer 1 04 doped with 
Si is grown by the metal organic chemical vapor depo- 
sition on the top surface of the ridged portion of the 3 p 
m-tru'ck n-type GaN contact layer 103 so that the 0. 1 p 
m-thicK n-type lrio.05Gao.fl5N layer 104 has a hexagonal 
crystal structure. The 0.4 p m -thick n-type 
Alo.07Gao.93N cladding layer 105 doped w3h Si is grown 
by the metal organic chemical vapor deposition on the 
0. 1 p m-thick n-type in^osGao 9$N layer 1 04 so that the 
0.4 p m-thick n-type M^TGao^jN dadding layer 105 
has the hexagonal crystal structure. The 0.1 p m-thick 
n-type GaN optical guide layer 106 doped with Si is 
grown by the metal organic chemical vapor deposition 
on the 0.4 p m-thick n-type Alo.Q7Gao.93N cladding layer 
105 so that the 0. 1 p m-thick n-type GaN optical guide 
layer 106 has the hexagonal crystal structure. The mul- 
tiple quantum well active layer 1 07 is grown by the metal 
organic chemical vapor deposition on the 0. 1 p m-thick 
n-type GaN optical guide layer 1 06, wherein the multiple 
quantum well active layer 107 comprises 7 periods of 
alternating SSA-th&k undoped In^Gao^N quantum 
well layers and 50A-thick undoped IOo.osGaa0S N barrier 
layers. The 25A-thtck undoped Ir^GaogN quantum 
well layers and the 50A-thick undoped ln O(05 Ga O9S N 
barrier layers have the hexagonal crystal structure. 

The 200A-thick p-type Atg^Ga^N layer 1 08 doped 
with Mg is grown by the metal organic chemical vapor 
deposition on the multiple quantum well active layer 107 
so ftat the 200A-thick p-type Al^Oa^N layer 108 has 
the hexagonal crystal structure. The 200A-thick p-type 
A(o zGao^N layer 108 is capable of preventing dissoci- 
ation of indium from the multiple quantum well active lay- 
er 107. The 0.1 u m-thick p-type GaN optical guide fayer 
109 doped with Mg is grown by the metal organic chem- 
ical vapor deposition on the 200A-thick p-type 
A|o 2 Gao 8 N layer 108 so that the 0.1 p m-thick p-type 
GaN optical guide layer 109 has the hexagonal crystal 
structure. The 0.4 u m-thick p-type AlojOTGao^N dad- 
oing layer 1 10 doped with Mg is grown by the metal or- 
ganic chemical vapor deposition on the 0. 1 p m-thtck p- 
type GaN optical guide layer 109 so that the 0.4 u m- 
thick p-type AI^Ga^N cladding layer 110 has the 
hexagonal crystal structure. The 0.2 p m-thick p-type 
GaN layer 214 is grown by the metal organic chemical 
vapor deposition on the 0.4 u. m-thick p-type 
AW-ao-soN cladding layer 1 1 0 so that the0.2p m-thick 
p-type GaN layer 214 has the hexagonal crystal struc- 
ture. Further, 20(X)A-thick silicon oxide stripe masks 21 5 
are arranged on the 0.2 p m-thick p-type GaN layer 21 4 
so that a longitudinal direction of the 2000A-thtck silicon 
oxide stripe masks 21 5 is parallel to the [1 1 -20) direction 
of the hexagonal crystal structure. The 2000A-thick sil- 
icon oxide stripe masks 215 defines a stripe-shaped 
opening and has a width of 1 p m. A reactive ion etching 
is carried out to selectively remove parts of the 0.2 p m- 
thick p-type GaN layer 21 4. As a result, the ridge portion 
is formed. Further. 0.5 p m-thick n-type GaN current 
block layers 315 doped with Si are selectively grown on 
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the side watts of the ridged portion of the 0.2 p m-thick 
p-type GaN layer 214 and also over the flat base por- 
tions of the 0.2 p m-thick p-type GaN layer 21 4 by the 
metal organic chemical vapor deposition method using 
the 2000A-thick silicon oxide stripe masks 215 so that 
the 0.5 p m-thick n-type GaN current block layers 315 
also have the hexagonal crystal structure. The 0.5 p m- 
thick n-type GaN current block layers 315 are grown by 
a selective growth of a metal organic chemical vapor 
deposition method using dielectric stripe masks ar- 
ranged on a top of the ridged portion of the 0.2 p m-thick 
p-type GaN layer 214. It is important that the 0.5 p m- 
thick n-type GaN current block layers 315 having the 
hexagonal crystal structure are selectively grown by the 
• metal organic ch emical vapor deposition method using 
dielectric stripe masks on the side walls of the ridged 
portion of the 0.2 p m-thick p-type GaN layer 214 and 
also over the Mai base portions of the 0.2 p m-lhick p- 
type GaN layer 214 having the hexagonal crystal struc- 
ture. Top surfaces of the 0.5 u m-thick n-type GaN cur- 
rent block layers 31 5 have the same level as a top sur- 
lace or the 0.2 p m-thick p-type GaN layer 214. The cur- 
rent block layer structure of the 0.5 p m-thick n-type GaN 
current block layers 31 5 cause current confinement. 
The used 2000A-thcck silicon oxide stripe masks 21 5 are 
removed. A0.3 p m-thick p-type GaN contact layer 111 
doped with Mg is provided over the 0.2 p m-thick p-type 
GaN layer 214 as well as the top surfaces of the upper 
0.5 p m-thick n-type GaN current block layers 31 5. A top 
surface of the 0.3 p m-thick p-type GaN contact layer 
111 is flat. The 0.3 p m-thick p-type GaN contact layer 

111 has the hexagonal crystal structure. A p-electrode 

112 is formed which extends on the 0.3 p m-thick p-type 
GaN contact layer 111. The p-electrode 112 comprises 
a nickel layer laminated on the top Rat surface of the 0.3 
u m-thick p-type GaN contact layer 1 11 and a gold layer 
laminated on the nickel layer. An n -electrode 113 is 
formed on the recessed surface of the 3 p m-thick n* 
type GaN contact layer 103. The n-eteclrode 113 com- 
prises a titanium layer laminated on the 3 p m-thick n* 
type GaN contact layer 1 03 and an aluminum layer lam- 
inated on the titanium layer. 

Since the 0.5 p m-thick n-type GaN current block 
layers 315 have an opposite conductivity type to that of 
theO, 2 u m-thick p-type GaN layer 21 4 and the 0.2 p m- 
thick p-type GaN contact layer 111, then the 0.5 p m- 
thick n-type GaN current block layers 315 are capable 
of blocking or guiding a current for current confinement. 
This current confinement allows a reduction in threshold 
current of the laser diode 

Since, further, the p-electrode 11 2 has a targe con- 
tad area with the 0. 3 p m-thick p-type GaN contact layer 
111, a contact resistance between the p-etectrode 112 
and the 0.3 p m-thick p-type GaN contact layer 111 is 
smaJL 

Furthermore, the above current confinement struc- 
ture can be formed without use ol the dry etching proc- 
ess to the active layer. 
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Moreover, the multiple quantum well active layer 
107 is formed on the flat surface. This results in no pos- 
sibility of compositional modification or no variation in 
composition over position of the active layer. 

Namely, the 0.5 u. nwhick n-type GaN current block 5 
layers 31 5 having the hexagonal structure are selectivi- 
ty grown on the (OOOI)-face of the 02 u. m-thick p-type 
GaN layer 214 having the hexagonal crystal structure 
and the 3 n m-thick n-type GaN contact layer 1 03 having 
Ihe hexagonal crystal structure by use of the dielectric to 
stnpe masks arranged in a longitudinal cfirection along 
the [MOO] direction so that an optical waveguide is 
formed in a direction along the [1-100] direction of the 
crystal structure. It is. therefore, possible to cleave the 
semiconductor wafer in the [1-100] direction. This 1$ 
means it possible lo form the reflective faces of resona- 
tor in the laser diode by the cleaving method. 

As a modification, the optical waveguide may be 
formed in a direction tilted from the [1-100] direction of 
the crystal structure by an angle in the range d±5 de- so 
grees. Even if the optical waveguide is formed in a di- 
rection tilted from the [1-100] direction of the crystal 
structure by an angle over the range of±5 degrees, then 
it is difficult to cleave the semiconductor wafer, for which 
reason the reflective faces of resonator in the laser di- ?f 
ode are formed by other methods such as dry etching 
than the cteavhg method. 

Whereas in the above embodiment the semicon- 
ductor layers having the hexagonal crystal structure are 
grown on the (0001 Mace of the sapphire substrate, it is 30 
also possible to grow the semiconductor layers having 
the hexagonal crystal structure on the (H-20)-face of 
the sapphire substrate. 

Further, h place of the (0001 Hace sapphire sub- 
strate and the (11-20)-face sapphire substrate, silicon 35 
oxide substrates with the (0001 )-lace or the ( 1 1 -20H ace 
are available. Furthermore, MgAfe0 4 substrates with 
the (0001)-tace or the (11 -20) -face are also available. 
Gallium nitride substrates with the (0001)-Cace or the 
( 1 1-20)4ace are still further available. The sapphire sub- <o 
strate. silicon oxide substrate, MgAIg0 4 substrate, and 
gaflium nitride substrate having other faces than the 
(OOOl)-face or the (11 -20)-face are also available. 

The above present invention can be applied not on- 
ly to the gaflium nitride based laser diode as illustrated 45 
in the drawings but also other gallium nitride based laser 
diodes which are different in thickness of layer, compo- 
sition of layer, doping concentration of layer, material of 
electrode, martial of dielectric stripe masks, depth of dry 
etching, and width of stripe of the dielectric stnpe masks, so 

Although in the above embodiment, the individual 
serniconductor layers have surfaces of the (0001 )-face. 
the surfaces of the individual semiconductor layers may 
be rifted from the (000 1 )-face by an angle in the range 
of i5 degrees, ss 

Whereas modifications ol the present invention wifl 
be apparent to a person having ordinary skill in the art 
to which the invention pertains, it is to be understood 



that embodiments as shown and described by way of 
illustrations are by no means intended to be considered 
in a limiting sense. Accordingly, it is to be intended to 
cover by claims all modifications which faO within the 
spirit and scope of the present invention. 



Claims 

1 . A current block layer structure in a semiconductor 
device, said structure comprising at (east a current 
block layer of a first compound semiconductor hav- 
ing a hexagonal crystal structure, said current block 
layer being selectively grown on at least a surface 
of a compound semiconductor region of a second 
compound semiconductor having said hexagonal 
crystal structure by use of dielectric stripe masks 
defining at least a stripe-shaped opening. 

Z The current block layer structure as claimed in 
claim 1 , characterized in that said hexagonal crystal 
structure has a face lifted from a (OOOl)-face by an 
angle In the range of 0 degree to 10 degrees, and 
characterized in that said stripe-shaped opening of 
said dielectric stripe masks have a longitudinal di- 
rection having an included angle to a [11-20] direc- 
tion in the range of -5 degrees to ±5 degrees. 

3. The current block layer structure as claimed in 
claim 2, characterized in that said face of said hex- 
agonal crystal slruclure is said (OOOt)-Jace. 

4. The current block layer structure as claimed h 
claim 2, characterized in that said longitudinal di- 
rection of said stripe-shaped opening of said dielec- 
tric stripe masks is parallel to said [1 1 -20] direction. 

5. The current block layer structure as claimed in 
claim 1 , characterized in thai said hexagonal crystal 
structure has a face tilted from a (0001 )-face by an 
angle in the range of 0 degree to 10 degrees, and 
characterized in that said stripe-shaped opening of 
said dielectric stripe masks have a longitudinal di- 
rection having an included angle to a [1 -100) direc- 
tion in the range of -5 degrees to 15 degrees. 

6. The current block layer structure as claimed in 
claim 5, characterized in that said face of said hex- 
agonal crystal structure is said (G001 }-face. 

7. The current block layer structure as claimed in 
daim 5, characterized in that said longitudinal di- 
rection ol said stripe -shaped opening of said dielec- 
tric stripe masks is parallel to said [1-100] direction. 

& The current block layer structure as claimed in 
claim 1. characterized in that said first compound 
semiconductor is of an opposite conductivity type 
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to that of said second compound semiconductor. 

9. The current block layer structure as claimed in 
claim 8, characterized in that said first and second 
compound semiconductors are gallium nitride s 
based semiconductors. 

10. The current block layer structure as claimed in 
claim 9, characterized in that said first compound 
semiconductor is one selected From the group con* io 
sistrng of GaN, AiGaN, InGaN and InAJGaN. 

11. The current block layer structure as claimed in 
claim 9, characterized in that sard second com- 
pound semiconductor is one selected from the 
group consisting of GaN, AIGaN, InGaN and InAJ- 
GaN 

12. The current block layer structure as claimed in 
claim 6. characterized in that said first and second io 
compound semiconductors are boron nitride based 
semiconductors. 

13. The current block layer structure as claimed in 
claim 1 , characterized in that said first compound zs 
semiconductor has a highly resistive compound 
semiconductor. 

14. The current bJcck layer structure as claimed in 
claim 1 3, characterized in that said highly resistive oo 
compound semiconductor is an undoped semicon- 
ductor. 

15. The current block layer structure as claimed in 
claim 1 4, characterized in that said first and second 35 
compound semiconductors are gallium nitride 
based semiconductors. 

16. The current block layer structure as claimed in 
claim 1 5, characterized in that said first compound <0 
semiconductor is one selected from Ihe group con* 
sisttng of GaN, AIGaN. InGaN and InAJGaN. 

17. The current block layer structure as claimed in 
claim 15. characterized in that said second com- *5 
pound semiconductor is one selected from the 
group consisting of GaN, AIGaN, InGaN and InAI- 
GalM. 

18. The current block layer structure as claimed in so 
claim 1 a characterized in that said first and second 
compound semiconductors are boron nitride based 
semiconductors. 

19. The current block layer structure as claimed in ss 
claim 1, characterized in that said compound sem- 
iconductor region comprises a compound semicon- 
ductor base layer having a fiat top surface, and 



characterized in that said current block layer is se- 
lectively grown on said flat top surface of said com- 
pound semiconductor base layer by use of said di- 
electric stripe masks provided on said flat top sur- 
face of said compound semiconductor base layer. 

2a The current block layer structure as claimed in 
claim 19. further comprising an additional com- 
pound semiconductor layer of the same conductiv- 
ity type as said compound semiconductor base lay- 
er and said additional compound semiconductor 
layer extending on both side walls and a top surface 
of said current block layer and also extending over 
said compound semiconductor base layer under 
sard stripe-shaped opening. 

21. The current block layer structure as claimed in 
claim 1 9, further comprising laminations of a plural- 
ity of additional compound semiconductor layers of 
the same conductivity type as said compound sem- 
iconductor base layer and said laminations of said 
plurality of add&ional compound semiconductor lay- 
ers extending on both side walls and a top surface 
of said current block layer and also extending over 
said compound semiconductor base layer under 
said stripe-shaped opening. 

22. The current block layer structure as claimed In 
claim 19, characterized in that a side wall of said 
current block layer is a vertical side wait 

23. The current block layer structure as claimed in 
claim 19, characterized in that a side wall of said 
current block layer is a sloped side wall 

24. The current block layer structure as claimed in 
claim 1, characterized in that said compound sem- 
iconductor region includes at least a flat base por- 
tion and at leasl a ridged portion, and characterized 
in that said current block layer is selectively grown 
both on said flat base portion and on side walls of 
said ridged portion by use of said dielectric stripe 
masks provided on a top portion of said ridged por- 
tion. 

25. The current block layer structure as claimed in 
claim 24. characterized in that said current block 
layer comprises a single layer having a top surface 
which issubstantialfy the same level as said top por- 
tion of said ridged portion. 

26. The current block layer slructure as claimed in 
claim 24. characterized in that said current block 
layer comprises laminations of a plurality of different 
layers and said laminations have a top surface 
which is substantially the same level as said top por- 
tion of said ridged portion. 
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27. The current block layer structure as claimed in 
claim 26. characterized in thai said laminations 
comprise a first layer having an opposite conductiv- 
ity type to said compound semiconductor region, a 
second layer being laminated on said first layer and £ 
having the same conductivity type as said com- 
pound semiconductor region, and a third layer be- 
ing laminated on said second layer and having said 
opposite conductivity type to said compound semi* 
conductor region. to 

28. The current block layer structure as claimed in 
claim 24, characterized in that said ridged portion 
includes laminations of a plurality of different com- 
pound semiconductor layers. is 

29. The current block layer structure as claimed in 
darn 24, characterized in that said ridged portion 
and said flat base portion comprises a single com- 
pound semiconductor layer having a ridged portion zo 
and etched portions. 

30. The current block layer structure as claimed in 
claim 1 . characterized in that said current block lay- 
er is selective^ grown by a metal organic chemical 
vapor deposition method. 

31 . A gallium nitride based compound semiconduc- 
tor laser having a current block layer structure which 
comprises: 30 

current block layers ot a first compound semi- 
conductor having a hexagonal crystal structure, 
said current block layers being selectively 
grown on a Rat top surface of a compound sem- 9S 
{conductor base layer of a second compound 
semiconductor having said hexagonal crystal 
structure by use of dielectric stripe masks de- 
fining at (east a stripe-shaped opening and be- 
ing provided on said flat top surface of said <o 
compound semiconductor base layer ; and 
at least an additional compound semiconductor 
layer of the same conductivity type as said com- 
pound semiconductor base iayer and said ad- 
ditional compound semiconductor layer ex- « 
tending on both side walls and top surfaces of 
said current block layers and also extending 
over said compound semiconductor base layer 
under said stripe-shaped opening. 

so 

32. The gafiium nitride based compound semicon- 
ductor laser as claimed in claim 31, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )face by an angle in the range of 
0 degree to 10 degrees, and characterized in that ss 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [ 1 1 -20] direction in the range of -5 



degrees to ±5 degrees. 

33. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 32. characterized 
in that said face of said hexagonal crystal structure 
is said (0001 )-face. 

34. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 32, characterized 
in thai said longitudinal direction of said stripe- 
shaped opening of said dielectric stripe masks is 
parallel to said [ 1 1 -20] direction. 

35. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31. characterized 
in that said hexagonal crystal structure has a face 
tilted From a (000 1) -face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a (1-1O0J direction in the range of 
-5 degrees to ±5 degrees. 

36. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 35. characterized 
in that said face of said hexagonal crystal structure 
is said (0001 Hace. 

37. The gallium nitride based compound semicon- 
ductor laser as ctaimed in claim 35. characterized 
in that said longitudinal direction of said stripe- 
shaped opening of said dielectric stripe masks is 
parallel to said [1 -1 00] direction. 

38. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31, characterized 
in that said first compound semiconductor is of an 
opposite conductivity type to that ot said second 
compound semiconductor. 

39* The gallium nitride based compound semicon- 
ductor laser as claimed in claim 38, characterized 
In that said first and second compound semicon- 
ductors are gallium nitride oased semiconductors. 

40. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 39, characterized 
in that said first and second compound semicon- 
ductor are ones selected from the group consisting 
of GaN, AIGaN, InGaN and InAtGaN. 

41. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 38. characterized 
in that said first and second compound semicon- 
ductors are boron nitride based semiconductors. 

42 The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31, characterized 
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in that said first compound semiconductor has a 
highly resistive compound semiconductor. 

43. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 42, characterized s 
in that said highly resistive compound semiconduc- 
tor is an undoped semiconductor. 

44. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 43, characterized to 
in that said first and second compound semicon- 
ductors are gallium nitride based semiconductors. 

45. The gallium nitride based compound semicon- 
ductor laser as claimed in dam 44, characterized 
in that said first and second compound semicon- 
ductor are ones selected from the group consisting 
of GaN, AlGaN, InGaN and InAIGaN. 

45. The gallium nitride based compound sernicon- so 
ductor laser as claimed in claim 43, characterized 
in that said first and second compound semicon- 
ductors are boron nitride based semiconductors. 

47. The gallium nitride based compound semi con- 25 
ductor laser as claimed in claim 31 , characterized 

in that laminations of a plurality of said additional 
compound semiconductor layers of the same con- 
ductivity type as said compound semiconductor 
base layer extend on both side walls and a top sur- oo 
face of said current block layer and also extending 
over said compound semicondxtor base layer un- 
der said stripe-shaped opening under said stripe- 
shaped opening of said dielectric stripe masks. 

35 

48. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31. characterized 
in that side walls of said current block layers are ver- 
tical side walls. 

40 

49. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31 , characterized 
in that side walls of said current block layers are 
sloped side walls. 

45 

50. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 31, characterized 
in that said current block layer is selectively grown 
by a metal organic chemical vapor deposition meth- 
od so 

51 . A gallium nitride based compound semiconduc- 
tor laser having a current block layer structure which 
comprises current block layers of a first compound 
semiconductor having a hexagonal crystal st/uc- ss 
ture, saW current block layers being selectively 
grown on both a fiat base portion and side wails of 

a ridged portion of a compound semiconductor re- 



gion of a second compound semiconductor having 
said hexagonal crystal structure by use of dielectric 
stripe masks defining at least a stripe-shaped open- 
ing and being provided on a top portion of said 
ridged portion. 

52. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (OOOl)-face by an angle in the range of 
0 degree to 10 degrees, and characterized In that 
said stnpe-shaped opening of said dielectric stripe 
masks has a longitudinal direction having an includ- 
ed angle to a [1 1 -20] direction in the range of -5 de- 
grees to ±5 degrees. 

53. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 52. characterized 
in that said lace of said hexagonal crystal structure 
is said (0001 )-face. 

54. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 52, characterized 
in that said longitudinal direction of said stripe- 
shaped opening of said dielectric stripe masks is 
parallel to said [n -20) direction. 

55. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 
in that said hexagonal crystal structure has a face 
tiftedjrom a (0001 ) -face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks has a longitudinal direction having an includ- 
ed angle to a [1 -100] direction in the range of -5 de- 
grees to ±5 degrees. 

66. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 55, characterized 
in that said face of said hexagonal crystal structure 
is said (0001 )-lace. 

57. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 55, characterized 
in that said longitudinal direction of said stripe- 
shaped opening ot said dielectric stripe masks is 
parallel to said [1 -1 00) direction. 

55. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51. characterized 
in that said first compound semiconductor is of an 
opposite conductivity type to that of said second 
compound semiconductor. 

59. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 58, characterized 
In that said first and second compound semicon- 
ductors are gallium nitride based semiconductors. 
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6a The gaBtum nitride based compound semicon- 
ductor laser as claimed in claim 59, characterized 
tn that said first and second compound semicon- 
ductors are ones selected from the group consisting 
of GaN, AIGaN, InGaN and InAIGaN. s 

61. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 58. characterized 
in thai said first and second compound semicon- 
ductors are boron nitride based semiconductors. to 

62. The gallium nilride based compound semicon- 
ductor laser as claimed in claim 61 . characterized 
in that said first compound semiconductor has a 
nighty resistive compound semiconductor. is 

63. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 62, characterized 
in that said highly resistive compound semiconduc- 
tor is an undoped semiconductor. 20 

64. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 63, characterized 
in that said first and second compound semicon- 
ductors are gaOium nitride based semiconductors. *s 

65. The gaOium nitride based compound semicon- 
ductor laser as claimed In claim 64. characterized 
in that said first and second compound semicon- 
ductor are ones selected from the group consisting 30 
of GaN. AIGaN, InGaN and InAIGaN. 

66. The galium nitride based compound semicon- 
ductor laser as claimed in claim 63, characterized 

in that said first and second compound semicon- 3$ 
ductors are boron nitride based semiconductors. 

67. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 51, characterized 

in that each of said current block layers comprises <o 
a single layer having a top surface which is substan- 
tially the same level as said top portion of said 
ridged portion. 

66. The gallium nitride based compound semicon- *5 
ductor laser as claimed in claim 51 , characterized 
in that each of said current block layers comprises 
laminations of a plurality of different layers and said 
laminations have a top surface which is substantial- 
ly the same level as said top portion of said ridged so 
portion. 

The gallium nitride based compound semicon- 
ductor laser as claimed in claim 68, characterized 
fci that said laminations comprise a first layer having ss 
an opposite conductivity type to said compound 
semiconductor region, a second layer being lami- 
nated on said first layer and having the same con- 



ductivity type as said compound semiconductor re- 
gion, and a third layer being laminated on said sec- 
ond layer and having said opposite conductivity 
type to said compound semiconductor region. 

70. The gaJlium nfoide based compound semicon- 
ductor laser as claimed in claim 51, characterized 
in that said ridged portion includes laminations of a 
pluralfly of different compound semiconductor lay- 
ers. 

71. The gallium nitride based compound semicon- 
ductor laser as claimed in daim 51. characterized 
in that said ridged portion and said fiat base portion 
comprises a single compound semiconductor layer 
having a ridged portion and etched portions. 

72. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 1, characterized in 
that said current block layer is selectively grown by 
a metal organic chemical vapor deposition method 

73. A gallium nitride based compound semiconduc- 
tor laser comprising : 

a substrate ; 

a first ln x Al y Ga 1 . 3t . y N (CfcSxSI. Osysi, 
OSx+ysi) layer of a first conductivity type 
formed over said substrate and said first 
t<VUyGa f . x . y N (° SxS1 . OSysi. OSx+ysi) 
layer having a hexagonal crystal structure ; 
^^i-x^ (O^xs 1) current block layers having 
said hexagonal crystal structure being selec- 
tively grown on a flat surface of said first 
IrvAlyGa^yN (0SXS1. 0syS1, OSx+ysi) 
, layer by use of dielectric stripe masks defining 
a ridge-shaped opening and being provided on 
. said flat surface of said first IrvAlyGa^N 

(0SXS1, OSy^l. 0sx+y<l) layer; 
• a second In^Ga,.^ (OSxsi. 0<y£1, 
0£x+ysi) layer of said first conductivity type 
being lormed which extends on both side walls 
and top surfaces of said current block layers 
and also extends over said first In^Ga,.^ 
(0<xsi.0£y^1, 0£x+y£1) layer; 
an active region of an ln x Al y Ga 1 . )r _yN (OSxS1 , 
OSysi. 0Sx+y£ 1) compound semiconductor 
formed over said second In^AlyGa^yN (0s 
xs 1, Osy £ 1 , 0£x*y s 1 ) layer ; and 
a third In^Ga^N (0sxS1, OSySI. 
0£x+yS1) layer of a second conductivity type 
formed over said active region. 

74. The galfium nflride based compound semicon- 
ductor laser as claimed in claim 73. characterized 
in that said hexagonal crystal structure has a face 
tilled from a (0001)-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
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sard stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a (1 1 -20] direction in me range of -5 
degrees to ±5 degrees. 

5 

75. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-faee by an angle in the range of 

0 degree to 10 degrees, and characterized in that io 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1-100) direction in the range of 
•5 degrees to ±5 degrees. 

is 

76. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
in that said in^Ga,^ (OsxS t ) current block layers 
are doped with an impurity of a second conductivity 
type. so 

77. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73. characterized 
in that said ln,Ga, , t U (0<xs 1 ) current block layers 
are undoped to have a high resistivefy. ss 

78. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73, characterized 
in that side walls of said current block layers are 
sloped side walls. 30 

79. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 73. characterized 
in that said current block layer is selectively grown 

by a metal organic chemical vapor deposition meih- ss 
od. 

80. A gallium nitride based compound semiconduc- 
tor laser comprising : 

40 

a substrate ; 

a first IryUyGa^N {Osxsi. OSysl, 
0:Sx+yS1) layer of a first conductivity type 
formed over said substrate and said first InAJ- 
GaN layer having a hexagonal crystal « 
structure ; 

an active region of an In^AlyGa,.^ (0£x<1, 
OSysi, 0£x+yS 1) compound semiconductor 
having said hexagonal crystal structure and be- 
ing formed over said first I^AIyGa,.,.^ so 
(0SXS1, Osysi. Osx+yfil) layer; 
a second ln x AI K Ga 1 . x- yN (OSxsi. OSysi, 
OSx+yg 1) layer of a second conductivity type 
being formed on said active region and said 
second In^Ga^N (0SXS1. OSySL 55 
OSx+ys 1 ) layer having said hexagonal crystal 
structure ; 

dielectric stripe masks being provided on said 



second In^Ga^.yN (Osxsi, OSyst, 
Osx+ysi) layer and said dielectric stripe 
masks defining a stripe-ehaped opening ; and 
an I^Ga^N (Ofixsi) layer of said second 
conductivity type having said hexagonal crystal 
structure being selectively grown by use of said 
dielectric siripe masks so that said In^Ca,.^ 
(0£*S1) layer extends over said stripe-shaped 
opening and also extends over parts of said di- 
electric stripe masks whereby said Ir^Ga,.^ 
(OSxs 1 ) layer has a ridge-shape. 

81. The gallium nitride based compound semicon- 
ductor laser as darned in claim 60. characterized 
in that said hexagonal crystal structure has a face 
lilted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1 1 -20] direction in the range of -5 
degrees to +5 degrees. 

82. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 80, characterized 
in that said hexagonal crystal structure has a face 
lifted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a (1-100J direction In the range of 
•5 degrees to +5 degrees. 

83. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 80, characterized 
in that side walls of said In^Ga,.^ (05 xsi layer 
are sloped side walls. 

86. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 80, characterized 
in that said In^Ga^N (Osxsi ) layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

87. A gallium nitride based compound semiconduc- 
tor laser comprising : 

a substrate ; 

a first IrvAJyGa^N (0SXS1, 0SyS1, 
0sx*yst) layer of a first conductivity type 
formed over said substrate and sad first InAI- 
GaN layer having a hexagonal crystal 
structure ; 

an active region of an Ir^AlyGa^yN (Osxsi, 
OsySl, Osx+ys 1) compound semiconductor 
having said hexagonal crystal structure and be- 
ing formed over said first In^Ga^N 
(Osxsi. OSySI. 05x*yS1) layer ; 
a second In^Ga^yN (Osxsi, OSyfil. 
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OSx+ys 1 ) layer ol a second conductivity type 
being formed on said active region and said 
second In^Ga^N (Osxsi. OSysi. 
OSx+ysi) layer having said hexagonal crystal 
structure ; s 
MI/Sa^N (OSxsi, OSysi. OSx+ysi) 
current block layers having said hexagonal 
crystal structure being selectively grown on a 
Hat surface of said second livAlyGa^.yN 
(02x3 1 , OSy s 1 , 0Sx+ ysi } layer by use of di- jo 
electric stripe masks defining a ridge-shaped 
opening and being provided on said Rat surface 
of said second li^Ga,.,^ (OSxSI. OSy 
St.OSx+ySt) layer; and 
an tr^Ga^N (OSxSl) layer of said second is 
conductivity type having said hexagonal crystal 
structure being formed which extends on both 
side watts and top surfaces of said 
In^Ga,.^ (0SXS1. OSysi. OSx+yst) 
current block layers and also extends over said 
second In^Ga^^N (OSxsi. OSysi. 
Osx+ySI) tayer. 

88. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 67, characterized 25 
in that said hexagonal crystal structure has a face 
tilted from a (0001 )-face by an angle in the range o) 

0 degree to 10 degrees, and characterized in that 
sard stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- so 
eluded angle to a ( 1 1 -20J direction in the range of -5 
degrees to +5 degrees. 

89. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 67, characterized 35 
in that said hexagonal crystal structure has a race 
tilted from a (0001 )-face by an angle in the range of 

0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in* <o 
eluded angle to a (M00J ejection in the range of 
•5 degrees to +5 degrees. 

90. The galTfum nitride based compound semicon- 
ductor laser as claimed in claim 87, characterized 
in that side walls of said irV^Ga,^./! (Osxst. 
OSySI, Qsx+ys 1 ) current block layers are sloped 
side walls. 

91. The gallium nitride based compound semtcon- 50 
ductor laser as claimed in claim 87, characterized 

in that said (r^Ga^N (05x51 ) layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

ss 

92. A gallium nitride based compound semiconduc- 
tor laser comprising : 



a substrate ; 

a first MlyGa^yN (OSxSI. OsySI, 
0sx+ys 1) tayer of a first conductivity type be- 
ing formed on a part of said substrate and said 
first In^Ga^^yN (0£x£l, Osysi. 
0sx+yS1) tayer having a hexagonal crystal 
structure and said first Ir^A^Ga,.^ (Osxsi, 
OSysi, 0£x+yS t) layer having a ridged 
portion; 

an active region of an In^Ga^^N (0SXS1 , 
0syS1, 0Sx+ys 1) compound semiconductor 
being formed on said ridged portion of said first 
Ir^AlyGa,.^ {Osxsi, OSysi. Osx+ysi) 
layer: 

a second \n ) filfia %mV jn (OSxssi. OSySI, 
0£x+ysi) tayer of a second conductivity type 
being formed on said active region thereby to 
form a ridge-structure an said substrate, char- 
acterized in that said ridge -structure compris- 
ing laminations of said first tn x At y Ga 1 . x . y N 
(OSxs 1 . OS ys 1 . QSx+ys 1 ) layer, said active 
region and said second (n^Ga,.^ 
{Osxsi, Osysi. Osx+ysi) layer; 
tn^Ga,.^ (OSxSl, 0syS1. OSx+ySI) 
current block layers having said hexagonal 
crystal structure being selectively grown on 
side walls of said ridged-structure and over said 
first IrvAiyGaj^yN (0:5x31, OSysi. 
Osx+ys 1 ) layer by use of dielectric stripe mask 
provided on said ridge-structure ; and 
a third IfV^Ga^.yN (0SxS1, 0syS1, 
OSxfySt) layer of said second conductivity 
type being formed over said ln x Al y Ga 1 . x . y N 
{0SXS1. OSySI, Osx+ysi) current block lay- 
ers and a top of said ridged-structure. 

93. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 92. characterized 
in that said hexagonal crystal structure has a lacs 
tilled from a {0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle toa [t 1 -20] direction in the range of -5 
degrees to +5 degrees. 

94. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 92, characterized 
in that said hexagonal crystal structure has a face 
tBted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric stripe 
masks have a tongitudinaJ direction having an in- 
cluded angle to a |1 -100) direction in the range of 
•5 degrees to +5 degrees. 

95. The gallium nitride based compound semicon- 
ductor laser as clamed in claim 92. characterized 
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in that said tnfia^N (Osxst) layer is selectively 
grown by a metal organic chemical vapor deposition 
method 

98. A gallium niirtde based compound semiconduc- s 
tor laser comprising : 



ductor laser as claimed in claim 36. characterized 
in that said lr\Ga,. x N (0SXS1) layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

100. A current confinement structure in a s em con- 
due tor laser, comprising : 

dielectric stripe masks defining a stripe-shaped 
opening and being provided on a flat surface of 
a compound semiconductor base layer having 
a hexagonal crystal structure ; and 
a compound semiconductor ridge-shaped layer 
of a hexagonal crystal structure being selec- 
tively grown in said stripe-shaped opening over 
said compound semiconductor base layer as 
weD as over parts of said dielectric stripe 
masks. 

101. The current confinement structure as claimed 
in claim 100, characterized in that said hexagonal 
crystal structure has a face tilted from a (0001 )4ace 
by an angle in the range of 0 degree to 10 degrees, 
and characterized in (hat sard stripe -shaped open- 
ing of said dielectric stripe masks have a longitudi- 
nal direction having an included angle to a [11-20] 
direction in the range of -5 degrees to +5 degrees. 

102. The current confinement structure as claimed 
in claim 100, characterized in that said hexagonal 
crystal structure has a face 1 ilted from a (0001 )-face 
by an angle in the range of 0 degree to 10 degrees, 
and characterized in that said stripe-shaped open- 
ing ot said dielectric stripe masks have a longitudi- 
nal direction having an included angle to a [1 -100] 
direction in the range of -5 degrees to +5 degrees. 

103. The current confinement structure as claimed 
in claim 100, characterized in that said compound 
semiconductor base layer and said compound sem- 
iconductor ridge-shaped layer are made of one se- 
lected from (he group consisting of gallium nitride 
based semiconductors and boron nitride based 
semiconductors. 

104. The current confinement structure as claimed 
in claim 100. characterized in ihat said current btock 
layer is selectively grown by a metal organic chem- 
ical vapor deposition method. 

105. A method of forming a current block layer 
structure comprising the steps of: 

providing cGeiectric stripe masks defining at 
least a stripe-shaped opening on a surface of 
a compound semiconductor region having a 
hexagonal crystal structure ; and 
selectively growing at least a current block lay- 



a substrate ; 

a first In^lyGa^yN (OSxsi. 0sy<l. 
0£x+y< 1 ) layer of a first conductivity type be- w 
ing formed on said substrate and said first 
In^Ga,-^ (0SXS1. OSysl, 0sx+ys1) 
layer having a hexagonal crystal structure and 
said first in^Al^a^.yN (0£xS1, 0SyS1. 
Osx+ys 1 ) layer having a ridged portion ; is 
an active region of an [n^Ga,.,^ (OSxS 1 , 
0syS1. 0£x+ys 1) compound semiconductor 
being formed on said first tn^Ga,.^ (0 
Sxs 1 . Osysi , OSx+ysi ) layer ; 
a second M^i-x-yN (Osxsi. Osysi. *<> 
0£x+ys 1 ) layer of a second conductivity type 
being formed on said active region and said 
second IrvAIyGa^N (0SXS1. 0Sy£1. 
0Sx+y£ 1) layer having a ridge portion and flat 
base portions ; 25 
IrVUyGa,.^ (0SXS1. OSySI. OSx+ySI) 
current block layers having said hexagonal 
crystal structure being selectively grown on 
side walls of said ridge portion and over said 
flat base portions by use of dielectric stripe so 
mask provided on said ridge portion ; and 
a third in^Ca,.^ (0SXS1. OSysl, 
0£x+y5l) layer of said second conductivity 
type being formed over said In^AIyGa,.,^ 
(OsxSI, 0Sy51.0sx+yS1) current block lay- 35 
ers and a top of said ridge portion. 

97. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 96, characterized 

In that said hexagonal crystal structure has a face *o 
tilted from a (0001 )-lace by an angle in the range of 
0 degree to 10 degrees, and characterized in thai 
said stripe-shaped opening of said dielectric stripe 
masks have a longitudinal direction having an in- 
cluded angle to a [1 1 -20] direction in the range of -5 «s 
degrees to +5 degrees. 

98. The gallium nitride based compound semicon- 
ductor laser as claimed in claim 96. characterized 

in thai said hexagonal crystal structure has a face so 
fitted from a (0001 )-face by an angle in the range of 
0 degree to 10 degrees, and characterized in that 
said stripe-shaped opening of said dielectric strjpe 
masks have a longitudinal direction having an in- 
cluded angle to a (1-1 00} direction in the range of ss 
-5 degrees to +5 degrees. 

99. The gallium nitride based compound semicon* 



35 



69 



EP0851 542 A2 



70 



er of a compound semiconductor having sati 
hexagonal crystal structure on said surface of 
said compound semiconductor region by use of 
said dielectric stripe masks. 

s 

106. The method as damned in claim 105, charac- 
terized in that said hexagonal crystal structure has 
a face tided from a (0001 )-face by an angle in the 
range of 0 degree to 1 0 degrees, and characterized 

in that said stripe-shaped opening of said dielectric to 
stripe masks have a longitudinal direction having an 
included angle to a [11 -20] direction in the range of 
-5 degrees to +5 degrees. 

107. The method as claimed in ctafrn 105, charac- >5 
terized in that said hexagonal crystal structure has 

a (ace tilted from a (0001 Hace by an angle in the 
range of 0 degree to 1 0 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an to 
included angle to a ( M00| direction in the range of 
•5 degrees to +5 degrees. 

108L The method as claimed in claim 105, charac- 
terized in that said compound semiconductor of e$ 
said current Week tayer is of an opposite conductiv- 
ity type to that of said compound semiconductor re- 
gion. 

1 09. The method as claimed in claim 1 08, charac- 30 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are gallium nitride based semi- 
conductors. 

110. The method as claimed in claim 108. charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are boron nitride based semicon- 
ductors. 40 

111. The method as claimed in claim 105, charac- 
terized in that said compound semiconductor of 
said current block layer has a highly resistive com- 
pound semiconductor. 45 

112. The method as claimed in claim in, charac- 
terized in that said highly resistive compound sem- 
iconductor is an undoped semiconductor. 

50 

113. The method as claimed in claim 105, charac- 
terized in that said compound semiconductor region 
comprises a compound semiconductor base layer 
having a flat top surface, and characterized in that 
said current block layer is selectively grown on said « 
flat top surface of said compound semiconductor 
base tayer by use of said dielectric stripe masks pro- 
vided on said flat top surface of said compound 



semiconductor base layer. 

114. The method as claimed in claim 105, further 
comprising the step of forming an additional com- 
pound semiconductor layer of the same conductiv- 
ity type as said compound semiconductor bass tay- 
er so that said additional compound semiconductor 
tayer extends on boih side wails and a top surface 
of said current block layer and also extends over 
said compound semiconductor base tayer under 
said stripe-shaped opening under said stripe- 
shaped opening 

US. The method as claimed in daim 105, further 
comprising the step of forming laminations of a plu- 
rality of additional compound semiconductor layers 
of the same conductivity type as said compound 
semiconductor base tayer so that said laminations 
of said plurality of additional compound semicon- 
ductor layers extend on both side walls and a top 
surface of said current block layer and also extend 
over said compound semiconductor base tayer un- 
der said stripe-shaped opening. 

11$. The method as claimed in claim 105. charac- 
terized in that said compound semiconductor region 
includes at least a flat base portion and at least a 
ridged portion, and characterized in that said cur- 
rent block fayer is selectively grown both on said flat 
base portion and on side walls of said ridged portion 
by use of said dielectric stripe masks provided on a 
top portion of said ridged portion. 

117. The method as claimed in claim 115, charac- 
terized in that said current block layer comprises a 
single layer having a top surface which is substan- 
tially the same level as said top portion of said 
ridged portion. 

118. The method as claimed in claim 116. charac- 
terized in that said current block layer comprises 
lamina lions of a plurality of different layers and said 
laminations nave a top surface which is substantial- 
ly the same level as said top portion of said ridged 
portion. 

119. The method as claimed in claim 118. charac- 
terized in that said laminations are formed by de- 
positing a first layer having an opposite ccrtcfcjetrvrty 
type to said compound semiconductor region, de- 
positing a second layer being taminatedon said first 
layer and having the same conductivity type as said 
compound semiconductor region over said first lay- 
er, and a third layer being laminated on said second 
layer and having said opposite cortductivrty type to 
said compound semiconductor region over said 
second layer. 
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120. The method as claimed in claim 105. charac- 
terized in that said current block taysr is selectively 
grown by a metal organic chemical vapor deposition 
method. 

5 

121. A method ol forming a current block layer 
structure in a gallium nitride based compound sem- 
iconductor laser, comprising the steps tit. providing 
dielectric stripe masks defining at least a stripe- 
shaped opening on a flat surface of a compound io 
semiconductor region having a hexagonal crystal 
structure ; 

selectively growing at least a ridge-shaped cur- 
rent block layer of a compound semiconductor is 
having said hexagonal crystal structure on said 
surface ol said compound semiconductor re- 
gion by use of said dielectric stripe masks ; and 
forming at (east an additional compound semi- 
conductor layer of the same conductivity type *o 
as said compound semiconductor base layer 
so that said additional compound semiconduc- 
tor layer extends on both side walls and a top 
surface of said current block layer and also ex- 
tends over said compound semiconductor base 25 
layer under said stnpe-shaped opening under 
sard stripe-shaped opening: 

122. The method as claimed in claim 121. charac- 
terized in thai said hexagonal crystal structure has 30 
a face tilted from a (0001 Hace by an angle in the 
rangeof 0 degree to lOdegrees, and characterized 

in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [1 1 -20] direction in the range of » 
-5 degrees to -*5 degrees. 

123. The method as claimed in claim 121, charac- 
terized in that said hexagonal crystal structure has 

a face tiRed from a (0001 Hace by an angle in the <o 
range of 0 degree to 1 0 degrees, and characterized 
in that said stnpe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [MOOJ direction In the range ol 
-5 degrees to +5 degrees. 45 

124. The method as claimed in claim 121, charac- 
terized in that said compound semiconductor of 
said current block layer is of an opposite conductiv- 
ity type to that of said compound semiconductor re- so 
gran. 

125. The method as claimed in claim 121, charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- ss 
conductor region are gaflium nitride based semi- 
conductors. 



126. The method as claimed in claim 121, charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- 
conductor region are boron nitride based semicon- 
ductors. 

127. The method as claimed in claim 121, charac- 
terized in that said compound semiconductor of 
said current block layer has a highly resistive com- 
pound semiconductor. 

128. The method as claimed tn claim 127, charac- 
terized in thai said highly resistive compound sem- 
iconductor is an undoped semiconductor. 

129. The method as claimed in claim 121, charac- 
terized in that said current block layer is selectively 
grown by a metal organic chemical vapor deposition 
method. 

13a A method of forming a current block layer 
structure in a gallium nitride based compound sem- 
' (conductor laser, comprising the steps of 

forming flat base portions and ridged portions 
ol a compound semiconductor region ; 
providing dielectric stripe masks defining at 
least a stripe-shaped opening on said ridged 
portion of said compound semiconductor re- 
gion having a hexagonal crystal structure ; 
selectively growing at least a current block lay- 
er of a compound semiconductor having said 
hexagonal crystal structure both on said flat 
base portion and on side waits of said ridged 
portion by use of said dielectric stripe masks. 

131. The method as claimed in claim 130. charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (0001 Hace by an angle in the 
range of 0 degree to 10 degrees, and characterized 
in thai said stripe-shaped opening of said dielectric 
stripe masks have a fongiludinal direction having an 
included angle to a ( U -20] direction in the range of 
-5 degrees to +5 degrees. 

132. The method as claimed in claim 130, charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (0001 Hace by an angle in the 
range of 0 degree to 1 0 degrees, and characterized 
in that said stripe-shaped opening ol said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [M00| direction tn the range of 
-5 degrees to +5 degrees. 

133. The method as claimed in claim 130, charac- 
terized in that said compound semiconductor of 
said current block layer is of an opposite conductiv- 
ity type 10 that of said compound semiconductor re- 
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gion. 

134. The method as claimed in claim 1 30. charac- 
terized in that said compound semiconductor of 
said current block layer and said compound semi- s 
conductor region are gallium nitride based semi- 
conductors. 

135. The method as claimed in claim 130, charac- 
terized in that said compound semiconductor of to 
said current block layer and said compound semi- 
conductor region are boron nitride based semicon- 
ductors. 

136. The method as claimed in claim 1 30, charac- is 
terized In that said compound semiconductor of 
said current block layer has a highly resistive com- 
pound semiconductor. 

137. The method as claimed in claim 136. charac- 20 
terized m that said highly resistive compound sem- 
iconductor is an undoped semiconductor. 

13R The method as claimed in claim 130, charac- 
terized in that said current block layer comprises a & 
single layer having a top surface which is substan- 
tially the same level as said top portion of said 
ridged portion. 

1 39. The method as claimed in claam 1 30, charac- w 
terized in thai said current block layer comprises 
laminations of a plurality of different layers and said 
laminations have a top surface which is substantiai- 

ry the same level as said top portion of said ridged 
portion. 35 

140. The method as claimed in claim 1 39, charac- 
terized in that said laminations are formed by de- 
positing a first layer having an opposite conductivity 
type to said compound semiconductor region, de- <o 
positing a second layer being laminated on said first 
layer and havffig the same conductivity type as said 
compound semiconductor region over said first lay- 
er, and a third layer being laminated on said second 
layer and having said opposite conductivity type to 4S 
said compound semiconductor region over said 
second layer. 

141. The method as claimed in claim 130, charac- 
terized in that said current block layer is selectively so 
grown by a metal organic chemical vapor deposition 
method. 

142. A method of forming a current confinement 
structure in a gallium nitride based compound sem- ss 
iconductor laser comprising the steps of: 

providing dielectric strpe masks defining at 



least a stripe-shaped opening on a flat surface 
of a compound semiconductor region having a 
hexagonal crystal structure ; and 
selectively growing a compound semiconduc- 
tor ridge-shaped layer of a hexagonal crystal 
structure in said stripe-shaped opening over 
said compound semiconductor base layer as 
well as over parts of said dielectric stripe 
masks. 

143. The method as claimed in claim 142, charac- 
terized in that said hexagonal crystal structure has 
a face tilted from a (0001}-tace by an angle in the 
range of 0 degree to 1 0 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a (1 1 -20] direction in the range of 
-5 degrees to +5 degrees. 

144. The method as claimed in claim 142, charac- 
terized in that said hexagonal crystal structure has 
a lace tilted from a (0001 Hace by an angle in the 
range of 0 degree to 1 0 degrees, and characterized 
in that said stripe-shaped opening of said dielectric 
stripe masks have a longitudinal direction having an 
included angle to a [1 - 1 00) direction in the range of 
-5 degrees to +5 degrees. 

145. The method as claimed in claim 142, charac- 
terized in thai said compound semiconductor region 
and said compound semiconductor ridge-shaped 
layer are made of one selected from the group con- 
sisting of gallium nitride based semiconductors and 
boron nitride based semiconductors. 

14a The melhod as claimed in claim 142, charac- 
terized an that said compound semiconductor ridge- 
shaped layer is selectively grown by a metal organic 
chemical vapor deposition method. 
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FIG. 1 prior art 




201 : (ll-20)-face sapphire substrate 
102 : 300A-thick undoped GaN bufFer layer 
103 : 3 ^ m-thick n-type GaN contact layer doped with Si 
104:0.1/* m-thick n-type Ino.osGao.wN layer doped with Si 
105 : 0.4 a m-thick n-type Alo.07Gao.j3N cladding layer doped with Si 
106 : 0.1 //m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 
25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50 A-thick undoped fao.osGao.95N hairier layers 
108 : 200 A-thick p-type Al0.2Ga0.gN layer doped with Mg 
109 : 0. 1 it m-thick p-type GaN optical guide layer doped with Mg 
110 : 0.4/i m-tmckp-tyi>eAlo.7Gao.93N cladding layer doped withMg 
1 11 : 0.2 11 m-thick p-type GaN contact layer doped with Mg 

112 :p-electrode 

113 :n-electrode 
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FIG. 2 prior art 



IB-, 




20 1 : (1 1 -20>facc sapphire substrate 

102 : 300 A-thick undoped GaN buffer layer 

103 '3fx m-thick n-type GaN contact layer doped with Si 
104 '. 0.1 1* m-thick n-type Ino.05Gao.95N layer doped with Si 

605 : 0.5* m-thick n-type Alo.ojGao.95N cladding layer doped with Si 
1 06 : 0. 1 v m-thick n-type GaN optical guide layer doped with Si 
707 : multiple quantum well active layer of 7 periods of 
30A -thick undoped InojGao.sN quantum well layers and 
60A-thick undoped Lio.05Gao.95N barrier layers 
108 : 200 A-thick p-type Alo.2Ga0.gN layer doped with Mg 
109 : 0.1 u m-thick p-type GaN optical guide layer doped with Mg 
710 : 0.5m m-thick p-type Alo.05Gao.95N cladding layer doped with Mg 
111 : 0.2m m-thick p-type GaN contact layer doped with Mg 
112:p-electrode 
113 : n-electrode 
215 : silicon oxide film 
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FIG. 3 




101 : (0001)-fcce sapphire substrate 

102 : 300A-tfaick undoped GaN buffer layer 

103 : 3 a m-tbick n-type GaN contact layer doped with Si 

1 14 : 0.5 ft m-tbick p-type GaN current block layer doped with Mg 
115 : 0. 1 fi m-thick n-type GaN cladding layer doped with Si 
105 : 0.4^m-thick n-type Alo.07Gao.93N cladding layer doped with Si 
1 06 : 0. 1 * m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 
25 A-thick undoped Ino^Gao.gN quantum well layers and 
50A-thick undoped Ino.osGao.95N barrier layers 
108 : 200 A-thickp-type AJ0.2Ga0.gN layer doped with Mg 
109 : 0.1 u m-thick p-type GaN optical guide layer doped with Mg 
110:0.4^m-thick p-type Alo.07Gao.93N cladding layer doped withMg 
111 : 0.2^ m-thick p-type GaN contact layer doped with Mg 
U2:p-electrode 
113 :n-electrode 
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101 : (0001>face sapphire substrate 

102 : 300A-thick undoped GaN buffer layer 

1 03 : 3 » m-thick n-type GaN contact layer doped with Si 

114 : 0.5 (i m-thick p*rype GaN current block layer doped with Mg 

215 : silicon oxide stripe masks 
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1 01 : (0001)-fece sapphire substrate 

1 02 : 300 A-thick undoped GaN buffer layer 

103 : 3 n B-thick n-type GaN contact layer doped with Si 

114 :0.5Mm-thickp.rype GaN current block layer doped with Mg 

115 : 0^ m-thick n-type GaN cladding layer doped with Si 

1 05 : 0.4 ji m-thick n-type Alo.07Gao.j3N cladding layer doped with St 

106 : 0.1 u m-thick n-type GaN optical guide layer doped with Si 

107 : multiple quantum well active layer of 7 periods of 

25 A-tbick undoped Ino.2Gao.8N quantum well layers and 

50A-thick undoped Ino.05Gao.95N barrier layers 

108 :200A-thick p-typeAJojGao.8N layer doped with Mg 
109 : 0.1 „ n^tbjck ^ optica] ^ ^ ^ ^ 

110 : 0.4um-thickp-type Alo.07Gao.93N cladding layer doped with Mg 
111 : 02 11 m-thick p-type GaN contact layer doped with Me 
112:p-electrode 
113 :n-eIectrode 
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FIG. 6 




101 : (0001)-face sapphire substrate 

102 : 300 A-thick undoped GaN buffer layer 

1 03 : 3 ]i m-thick n-type GaN contact layer doped with Si 

1 14 : 0.5 m m-thick p-type GaN current block layer doped with Mg 
215: silicon oxide stripe masks 
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201 : (ll-20>face sapphire substrate 
102 : 300A-thick undoped GaN buffer layer 
103 : 3 n m-thick n-type GaN contact layer doped with Si 
104:0.1^ m-thick n-type Ino.05Gao.95N layer doped with Si 
105 : 0.4 it m-thick n-type AIo.07Gao.93N cladding layer doped with Si 
1 06 : 0.1 n m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 
25 A-thick undoped In0.2Ga0.gN quantum well layers and 
50 A-tbick undoped Ino.05Gao.95N barrier layers 
1 08 : 200 A-thick p-type Al 0 .2Gao.gN layer doped with Mg 
109 : 0.1 n m-thick p-type GaN optical guide layer doped withMg 
I10:0.4/i m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 u m-thick p-type GaN layer doped with Mg 
215 : 2000 A-thick silicon oxide stripe masks 
1 1 1 : 0 3 it m-thick p-type GaN contact layer doped with Mg 
U2:p-eIectrode 
113 : n-electrode 
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FIG. 8 




201 : (ll-20>face sapphire substrate 

102 : 300A-thick undoped GaN buffer layer 

1 03 : 3 n m-tbick n-type GaN contact layer doped with Si 
104 1 0.1 u m-thick n-type Ino.osGao.95N layer doped with Si 

1 05 : 0.4 u m-tbick n-type Alo.07Gao.93N cladding layer doped with Si 
1 06 : 0.1 n m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 
25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50A-thick undoped Ino.05Gao.9sN barrier layers 
108 : 200 A-thick p-type Al 0 jGao.gN layer doped with Mg 
109 : 0.1 it m-thick p-type GaN optical guide layer doped with Mg 
110:0.4/x m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 11 m-thick p-type GaN layer doped with Mg 
215 : 2000 A-thick silicon oxide stripe masks 
111 : 03 n m-thick p-type GaN contact layer doped with Mg 
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FIG. 9 




101 : (0001)-face sapphire substrate 
102 : 300A-thick undoped GaN buflFer layer 
103 : 3/i m-thick n-type GaN contact layer doped with Si 
104 : 0. 1 a m-thick n-type Ino.05Gao.95N layer doped with Si 
105 : 0.4 a m-thick n-type Alo.07Gao.wN cladding layer doped with Si 
106 : 0,1 fi m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 
25 A -thick undoped Ino^Gao.sN quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 
108 : 200 A-thick p-type Alo.2Gao.3N layer doped with Mg 
109 : 0.1 n m-thick p-type GaN optical guide layer doped with Mg 
110:0.4^ m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
2 14 : 0.2 11 m-thick p-type GaN layer doped with Mg 
315: 0*5 n m-thick n-type GaN current block layer doped with Si 
111 : 03 /i m-thick p-type GaN contact layer doped with Mg 

112 :p-electrode 

113 :n-electrode 
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FIG. 10 




101 : (0001>face sapphire substrate 
1 02 : 300 A-thick undqped GaN buffer layer 
1 03 : 3 v m-thick n-type GaN contact layer doped with Si 
1 04 : 0. 1 u m-thick n-type Ino.osGao^ sN layer doped with Si 
105 : 0.4 v m-thick n-type Alo.07Gao.93N cladding layer doped with Si 
106 : 0.1 u m-thick n-type GaN optical guide layer doped with Si 
1 07 : multiple quantum well active layer of 7 periods of 
25 A-thick undoped Ino.2Gao.8N quantum well layers and 
50A-thick undoped Ino.ojGao.95N bamer layers 
108 : 200A-thick p-type AfoGao.gN layer doped with Mg 
109 : 0.1 11 m-thick p-type GaN optical guide layer doped with Mg 
1 10 : 0.4/i m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 n m-thick p-type GaN layer doped with Mg 
315 :0.5p m-thick n-type GaN current block layer doped with Si 
1 1 1 : 03 ji m-thick p-type GaN contact layer doped with Mg 
215 : silicon oxide stripe masks 
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FIG. 1 1 



1)2 n 




113 



)0t 



101: (0001>fece sapphire substrate 

102 : 300A-thickundoped GaN buffer layer 

103 : 3 u m-thick n-type GaN contact layer doped with Si 

1 04 : 0.1 v m-thick n-type Ino.05Gao.95N layer doped with Si 
1 05 : 0.4 n m-thick n-type Alo.07Gao.93N cladding layer doped with Si 
106 : 0.1 ;/ m-thick n-type GaN optical guide layer doped with Si 
1 07 : multiple quantum well active layer of 7 periods of 
25A -thick undoped Ino.2Ga0.jN quantum well layers and 
50A-thick undoped Ino.05Gao.9sN barrier layers 
108 : 200A-thick p-type AtaGa^N layer doped with Mg 
109 : 0.1 „ m-thick p-type GaN optical guide layer doped with Mg 
1 10 : 0.4 u m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 n m-thick p-type GaN layer doped with Mg 
315 : 0.5 m m-thick n-type GaN currett block layer doped with Si 
114 : 0.5 n m-thick p-type GaN current block layer doped with Mg 
315 : 0.5/i m-thickn-type GaN current block layer doped with Si 
111 : 0.2* m-thick p-type GaN contact layer doped with Mg 
112 :p-electrode 
113 : n-clectrode 
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FIG. 12 




101 : (0001)-face sapphire substrate 
102 : 300A-thick undoped GaN buffer layer 
103 : 3 v m-thick n-type GaN contact layer doped with Si 
104 : 0.1 ti m-thick n-type Ino.05Gao.95N layer doped with Si 
105 : 0.4 v m-thick n-type Alo.07Gao.93N cladding layer doped with Si 
106 : 0.1 u m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 
25 A -thick undoped Ino jGao.sN quantum well layers and 
50 A-thick undoped Iho.05Gao.95N barrier layers 
108 : 200A-tbickp-type Alo.2Ga0.gN layer doped with Mg 
109 : 0.1 fi m-thick p-type GaN optical guide layer doped with Mg 
110 : 0.4 * m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 m m-thick p-type GaN layer doped with Mg 
315 : 05(i m-thick n-type GaN current block layer doped with Si 
114 : 0.5 n m-thick p-type GaN current block layer doped with Mg 
315 : 0.5 j» m-thick n-type GaN current block layer doped with Si 
215 : silicon oxide stripe masks 
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FIG. 13 




1 01 : (0001)-face sapphire substrate 

102 : 300A-thick undoped GaN buffer layer 

103 : 3*t m-thick n-type GaN contact layer doped with Si 
104 : 0.1 n m-thick n-type Ino.05Gao.95N layer doped with Si 

105 : 0.4/t m-thick n-type Alo.07Gao.93N cladding layer doped with Si 
106 : 0. In m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 

25 A-thick undoped In0.2Ga0.gN quantum well layers and 

50 A-thick undoped mo.05Gao.95N barrier layers 
108 : 200A-thick p-type Al0.2Ga0.jN layer doped with Mg 
109 : 0.1 n m-thick p-type GaN optical guide layer doped with Mg 
110 : 0.4 /x m-thick p-type Alo.07Gao.93N cladding layer doped withMg 
2 14 : 02 n m-thick p-type GaN layer doped with Mg 
3 15 : 0 J ti m-thick n-type GaN current block layer doped with Si 
111 1 0.3 m m-thick p-type GaN contact layer doped with Mg 
112:p-eIectrode 
113 : n-electrode 
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FIG. 14 




101 : (0001>face sapphire substrate 
102 : 300A-thick undoped GaN buffer layer 
103 : 3 it m-thick n-type GaN contact layer doped with Si 
104 : 0.1 u m-thick n-type Ino.05Gao.95N layer doped with Si 
105 : 0.4 11 m-thick n-type Alo.07Gao.93N cladding layer doped with Si 
1 06 : 0. 1 n m-thick n-type GaN optical guide layer doped with Si 
107 : multiple quantum well active layer of 7 periods of 
25 A-thick undoped Ino jGaagN quantum well layers and 
50 A-thick undoped Ino.05Gao.95N barrier layers 
108 : 200 A-thick p-type Al0.2Gao.sN layer doped with Mg 
109 : 0.1 n m-thick p-type GaN optical guide layer doped with Mg 
1 10 : 0.4 11 m-thick p-type Alo.07Gao.93N cladding layer doped with Mg 
214 : 0.2 it m-thick p-type GaN layer doped with Mg 
3 15 : 0.5 n m-thick n-type GaN current block layer doped with Si 
111: 0.3 11 m-thick p-type GaN contact layer doped with Mg 
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